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The Notes which form the basis of the few papers that make up this book 
were taken solely for private nse, and there was no intention of making them 
public until after the lapse of a considerable time. Their publication was then 
undertaken, not because they presented descriptions of novel processes, but be- 
cause the author found that the poverty of English technical literature in this 
branch of industry was such as to be a serious annoyance to men engaged in the 
treatment of American ore«. They first appeared in the columns of the Engi- 
neering and Mining Journal, and their reception has been sufficiently favorable 
to warrant this republication. 

It is frequently said that American genius can be trusted to devise its own pro- 
cesses and need not gfo abroad for instruction, but no one who is acquainted with 
the industry, skill and devotion of European metallurgists to thoir work can be 
wilUng to lose the fruits of their experiment and thought Few persons know 
how much labor and money are spent by them every year in the work of revising 
old established processes, both by laboratory examination and by experiments 
conducted on the largest scale. The two years that elapsed between the author's 
journey in Europe and the publication of these Notes was sufficient to bring 
about such changes and improvements in foreign practice that he could no 
longer rely npon the details of his work but was obliged to collate it with the 
latest technical publications abroad. He is therefore indebted to many writers 
and has endeavored to properly express this fact in foot notes to each paper. 
But he has not described any works that were not visited and carefully stu- 
died by him, and trusts that the personal knowledge thus gained has enabled 
him to appropriate with success and incorporate with his own» the work of 
others. 
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NOTES 

ON A 

METALLURGICAL JOURNEY IN EUROPE. 



The Copper Process at Agordo 

AooBDO is reached from Yenice by rail to Oonegliano, stage to Bellano and 
post-chaise to Agordo, the whole journey occupying about eighteen hours. The 
old process in use at this place has been fully described by Bitot, in bis work 
on Metallurgy ; by Haton, in the Annates des Mines, 1855, 5th series, vol. 8 ; by 
Pebct, in his metallurgy, and many othci* writers. It will, therefore, receive only 
such attention here as is neoessaiy to make the character of the recent changes suffi- 
ciently clear. 

The ore is obtained from an irregular deposit of iron pyrites, lying in black 
argillaceous schist, close to the contact plane of a dolomite limestone. The 
dimensions allotted to this mass by Engineer Pxllati, are : 

Length 550 meteia. 

Breadth 35 «• 

Depth 200 «• 

* — 

Oontents in cubic meters 1,764,000 

He reports the state of the work in 1865, as follows :] 

Content of mass, cubic meters 1,764,000 

Already excavated ** 617,000 

Worthless pyriteer " 441,000 

Oood ore remaining ** 700,009 

As the weight of one cubic meter of pyrites is 4,250 k. (9,350 lbs.) we have 
about 3,000,000,000 kilograms, or 3,000.000 tons. The present production is 
about 20,000 tons a year, at which rate the mine will hold out a hundred and fifty 
years. 

About one-third of the ore (see above statement) is worthless, containing no 
copper. This is sorted out, and the remainder is separated into the following 
varietied : 

Best ore. . . .with 4 per cent copper. 

Qood ore. . .with 2—4 per cent copper. 

Poor ore. . ..with 0*4—2 per cent, copper. 

Small ore. ..with 1—2 per cent copper. 

1. For information contained in these notes on Agordo, t am indebted to Siohob N, 
PBLL4TI, Engineer in charge for the italian Qovemment ; and to SiOMoa Lviai Hubbbt. 
Direotor of the Smelting works. 
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This amull ore is composed of a mixture of 4^11 the other varietleB, and aIao of 
ore from a particular layer in the mine. It forms somewhat more than 15 per 
eont of the whole. 

Besides the pyrites a small amount of galena mixed with blende and contain- 
ing a variable percentage of silver, is obtained. At the time of my visit, a 
gentleman had purchased a few hundred tons of this ore and was roasting it in 
piles, in the hope that the blende would roast to sulphate and thus be soluble. 
It has been ascertained that when a mixture of lead, zinc and silver sulphides are 
roasted together to sulphates, the silver is not soluble in the presence of so much 
lead. His roasting, therefore, had for its object the removal of the zinc and the 
concentration of the silver in the lead ; but I have never been able to ascertain 
what success he had, though I am under the impression that his experiment 
fiiiled. 

In treating this mass, remarkable for its purity, methods were adopted which 
made Agordo the study of scientific men. The ore was roasted in heaps contain* 
ing 250 to 300 tons, the temperature being kept very low, and after six to nine 
months, when the pile was opened, a kernel of unroasted ore was found in each 
lump. In this kernel was concentrated most of the copper which in the begin- 
ning had been distributed throughout the lump. A transmission of solid matter 
80 remarkable as this, illustrating the operations by which metallic matter may 
be concentrated in veins by mundane fires, could not fail to attract attention, and 
nearly all writers on the metallurgy of copper, and processes of roasting, have 
discussed it.« These kernels were broken from the surrounding "shells," and in 
this way kernels of a working average of 4 — 8 per cent, copper were obtained 
from ore containing 2 per cent, and less ; while the i^ells would contain about 0'7 
per cent The concentration of coppe| is so perfect that the real kernel often 
contains 30 per cent, but in order to make sure that none of the rich kernel shall 
be lost, a large quantity of shell is left around it, so that the working average is 
that above given- 

Sulphur is collected in small depressions, stamped in the top of the pile. Fine, 
sifted ore, from the Uxiviation vats, is stamped into circular basins and a 
small quantity of sulphur, from one-fifth to pne-half of one per cent of the ores' 
weight, collects in them. Th^s is refined in the usual way. It contains arsenic 
and is not a very valuable product In 1865 the amount made was 50,532 k. or 
50*5 tons. This is 0-3 per cent of the ore or 0*6 per cent of the sulphur in th« 
ore. 

The treament of the two sorts was : Lixiviation of the shells with precipita- 
tion of the copper by iron, and fusion of the kernels. 

THE WET TREATMENT. 

Lixiviaiion. The ore is shovelled into vats 50 h 3*50 meters square and 
1-50 meters deep ; charge 14 tons. Fresh ore is lixiviated with liquor which has 
already served for two lixiviations, and in this way it is brought up to the proper 
strength. The liquor remains 24 hours in contact with the ore, is then dra^vn 
ofE^ and the ore shovelled to a fresh tank, where it is treated with water from a 

a. See i Ittttuur s lioBt Pn 
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previous third lixiviation. After 24 hours standing the pro tess is repeated, thifl 
time with fresh water. After the third contact with the ore, the liquor marks 32** 
Beaums. xjiquor from the second lixiviation marks 13^—14:® B. The spent ore 
is placed on and under a new roasting heap, where the sulphurous acid fames 
effect a re-roasting of it. It is then washed in 4 waters, sifted through a mesh of 
1*5 centimeters = 0*6 inch, and the coarse ore receives a third treatment in the 
piles. 

Cemeviaiion. The liquor from the lixiviation vats is clarified by settling in 
tanks, and then run to the cementation vats. These are of two kinds : lead tanks 
4 H 3 meters^nd 1 -5 meter deep, containing 21 cubic meters. They are heated 
by a lead stove placed in the center, and the flames of which pass downward 
through a large flue in the tank. Fire is kept up for 8—10 houra, but the liquor 
remains 24 hours in the tank. Pig iron is placed in a bank around the sides of 
the tank. The temperature reaches about 60** 0. Revorberat(^ry furnaces are 
also used for this work. They have a bottom laid in hydraulic cement, hold 17 
cubic meters, and the liquor is heated by the flames passing over it. 

CrystctUizcUion. After the cemen'ation is complete, the liquor runs to clarifying 
vats where the fine copper, and the basic salts in suspension in the liquor settle 
to the bottom. It then marks about 37® B. and is transferred to the crystalliza- 
tion vats, which are wooden tanks, some being 2*20 w 3*00 w 0.50 meters, and 
others 8*30 H 3*50 H 0*50 in size. Here the Uquor remains as long as it is 
desired to continue the deposition of crystals. Agordo is cold in winter and dry 
in summer ; and as crystallization practically depends partly up -^n evaporation 
but mostly upon the depression of the temperature, the place is well fitted for 
the manufacture of copperas. By leaving the liquor in the vats three or four 
months, the greater part of the iron sulphate could be obtained. But the pro- 
duction of Agordo is far in excess of the demand, so that there is no neeed to 
push the extraction so far. Practically the liquor remains 3 —6 weeks in the 
vats. The crystals of sulphate collect on the bottom, on twigs suspended in the 
liquor, and on the sides of the tank, and these conditions afford three qualities of 
copperas. That collected on the bottom is the poorest, being contaminated with 
basic iron sulphate, which is insoluble, but is formed in such a fine condition as 
to separate completely from the liquor only after long standing. The copperas 
on the twigs has a certain amount of bark and woody matter in it ; that on the 
sides is pure and of a fine color. If the tanks do not yield enough of this quality 
to satisfy the demand, the mother liquor, after the first crop of crj^stals has been 
obtained, is concentrated in the reverbaritory furnaces. It then yields altogether 
first quality crystals. In the ordinary process of crystallization the strength of 
the liquor sinks from 37® B. to 26° B. 
The composition of this sulphate is as follows : 

Ferric ruIs hate 49*73 

Zinc sulphate 4*55 

Hydratod Ferric oxide 3*20 • 

Water 42*52 

100 
The amount of copperas which Agordo is capable of producing each year ll 
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immense. If we assume the percentage of ferrie salphate in the liqnor to increafie 
0*064: per cent for each degree of Bbaume, we have 0*704 per cent which can be 
extracted from the liquor, by lowering its densily from 37? to 26^ B. That is, 
we hare 774 pounds of ferric sulphate from each cubic meter of cement liquor. 
BivoT says that each cubic meter will easily gire 600 k. or 1320 pounds. In 1865 
Agordo produced 7360 cubic meters of rich liquor and 1967 cubic meters of poor 
liquor. The rich alone would yield, at Bitot's estimate, 4416 tons of copperas. 
But the production for the year is reported at only 754 tons. Agordo is so far 
from a market that its profit on this product is very small, and from its impure 
nature the demand is not great. •, 

The operations connected with mining and the wet treatment, in 1865. dealt 
with the following quantities of material : 

TABXJB 09 OBB MXMZD'. 

1. Best ore containing 7*4 per cent copper 843 tons containing 62 tons copper. 

2. Good " " 31 per cent copper 5005 «« •* 155 ** *• 
8. Poor ** •« 0*87 per cent copper 10531 *• •• 92 *« •• 
4. Small j Good containing 2*48 p. c. copper 711 «• •• 18 «• •• 

ore. (Poor «• 1*25 p. c •• 2261 •• *♦ 28 • 



«« 



19,351 855 

Average percentage of copper 1 '8 

TABLE or BOASTIKa. 

The Boasting piles recdved bricks and fine ore for covering 4,366 tons. 

coarse ore 17,408 tons. 

Total 21,759tonH. 

Wood consumed, cubic meters 201-61 

** •• cords 56*7 

Labor Boasting 2869 days 

Breaking out kernels. 39121 davs 4199^ days. 

Per ton of ore : Wood, cords 0029 

Labor, days : roasting 0*132 

breaking .1-800 1-932 

Besulta: Kernels 2,324 tons containing copper 145-5 ions. 

Shells 17,667 " •« ♦« 209-5 tons. 

Bichore 475 ** •• •« 33*7 tons. 



Total * 20,466 tons. 388*7 tons. 

TABLK OP LIXE7IATI0N. 

Shells treated 17,667 tons containing copper 209*5 tons. 

field : Liquor 12,781 cubic yards containing copper. . . . 116*8 tons. 

I-ow • 931 tons. 

Loss calculated on copper in shells is. . .44*5 per cent. 

Loss •* «• «* " all ores is. .23*8 •* 

Labor 1471 days or 0*07d per ton. 



8. This table is computed on 11 mouths and 9 days only. 

4. The difference between this total and that given above is due to piles which were 
Ot fully roasted. mt ^ 
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ZABUS OF GBBCBNTATIOV. 

Charge : Shells 17,667 tons containing copper 209'5 tona 

Ptodnct. . .Bich liquor 10,086 cubic yards. 

Poor " 2,695 " «« 

Cemeatcopper.nch 188-7 tons eonWning copper IW-Ston... 

Lobs. , 93-2 tons. 

Loss therefore .* 44.5 p. c. 

Fuel ; Peat .(4-9 per cent.of shells) 858 tons. 

Charcoal (= 0023 per cent of shells) 691 bush. 

Iron 320-4 tons. 

The<}e amounts give the following as the expense per ton of shells : ^ 

Charge : Shells 1 ton containing copper. 23'70 pounds. 

Rich liquor 0*57 cubic yards. 

Poor " 016 •« ** 

Gem^iit copper. . .0.135 tons containing copper 13*16 pound& 

Loss (= 44-5 per cent) 10*54 •• 

Fuel : ."Peat 97 poDuds (= 4*9 per cent ) 

' Charcoal 0*039 bushels. 

Iron: 36-23 pounds. 

The expense per ton of pig copper produced is as follows 

Charge : Shells 1519 tons containing copper. ..... .3602 pounds. 

Cement copper. . .. 2382 pounds " ** 2000 " 

Loss .... (44*5 per cent) 1602 " 

Fuel : Peat 14,780 pouu'^s. 

Charcoal 6 bushels. 

Iron 5,510 pounds. 

THB TBRiLTMBNT B7 rCSION. 

The process consists in fusing the kernels, rich ore and cement copper with 
sandstone as a flux ; the rich scoria obtained in this and succeeding operations 
being added for the sake of their copper. The furnace employed is very peculiar, 
the back and front walls being strongly inclined to the horizon. The furnace is, 
therefore, in effect, an ordinary shaft, tilted over about 12 degrees from the 
perpendicular. The object of building it in this way is to make the ore pass slowly 
through the furnace, the inclination of the back wall increasing the friction ; and 
also to oblige the gases to follow the front wall and mix with the ore as little as 
possible in order to avoid too great reducing action. These dispositions have 
for their object the prevention of iron sows, and the proper preparation of the 
materials, during their descent for fusion in the crucible. It is hardly worth 
while to discuss forms so peculiar, and so little likely at this day, to meet with 
copyists. But similar constructions have, in times past, been common in Eurox^e, 
as in the Hartz. They have now been abandoned in most quarters, but it may 
be well to point out that, with ores rich in iron, sows can be better prevented by 
a rapid smelting, than by any other means ; and if this rapid fiision does not 
permit the necessary preparation of the materials in the fioimace, they can be 
prepared before they enter it This preparation in the furnace consists, accord* 
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ingto the Agordc view, partly in driying off the sulphur, and partly in heating the 
materials. But solphar can be eliminated to but a very small extent in the 
shaft furnace. Baw ores, such as the greater part of those smelted at Agordo, 
practicaD.v are, can hardly lose more than 4 per cent of their sulphur in passing 
through the furnace, a quantity which could be eliminated by roasting one- 
twentieth part of the ores before charging. Wi^ the Agordo system of building 
is connected the very serious defect of short campaigns. Eighteen days was the 
average of the furnaces in 1865. By roasting (if necessary) a part of the ores 
and smelting 12—15 tons daily instead of 9, and using a straight or a flaring 
uruace, the campaigns might be trebled in length, and the cost of working 
reduced. 




Figure 1» 

Figure 1 represents a section, from front to back, of the ftimace used for the 
fusior of ore. 

By reference to the tables further on it will be seen that the ez|)ense of ftiel per 
ton of charge is, in the tusiou of ore, about 25 bushels per ton, and in that of 
matte 37 bushels ; the former being 15 and the latter more than 22 per cent, of 
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ilie charge. This expense would probably be considerably reduced by the adop- 
tion of furnaces less wasteful of fuel and capable of maintaining longer cam- 
puigns. Even at Lend where the campaigns, for lack of ore, are confijied to a 
week's run, or less, the expense of fuel is i o greater. 

The resulting matte contains about 24 per cent of copper. It is roasted in 
piles six times and smelted with sandstone and rich scoria. The furnace is ' 
again inclined, but less so than before, as figure 2 shows. It is important, in 
this operation, to prevent the reduction of too much iron which would make a 
highly ferriferous black copper. The siliceous flux used at Agordo costs $1.36 
a ton, and as it coatains about 10 per cent of iron the amount must be increased 
over that which would be necessary if the quartz were purer. It is, therefore, an 
object to smelt with a charge as basic as possible, a treatmoni which increases the 
danger of reduced iron. 

From this operation black copper of 9 5 per ceni copper and a richer matte, 
containing about 60 per cent copper, are obtained. The former is fined in h 
common Q^rman hearth, and the latter is roasted and returned to the same 
operation. 




Figure 2, 

TABLES OP THE TBEATMENT BY rUBION.— PUSION FOB MATTE. 

Charge : Best ore containing 7*05 per cent of copper 447 tons 

Kernels Best 8-67 •* ** •' 251 " 

Good 6-39 " " " 1752 •* 

Poor 3-37 ** " ** 287 ** 

Eichcement copper 58-57 " " " 18« " 

Poor *' »' 9-89 " ♦* ** 26 " 

Grasses & Cinders 34-50** «« ** 106 ** 

Scoria 546 ** 

Sandstone 579 *« 

4182 tons. 
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Pirodoct : Matte containiiig 23*25 per cent copper 1285-0 tons. 

Grasses •« 10 " *• J4-9 *« 

Cinders •« 16 " " 11-3 " 

1311-2 IOD8. 

Labor : 16 camptiigns, or 8i3 shifts of 8 honrs each ; 

4 men ro each shifr ^72 days. 

Pnel :..... ., Charcoal 4735 cubic me' era 106,310 bushels. 

Chaxge smelted in 24 hours , . 14*8 tons. 

Labor per ton of charge ^ 0*8 days. 

Fuel ^ " «♦ 95-4 bushel*. 

Loss : The char/d contained of copper 64*2,088 pounds. 

Theproducts ♦« " , 603,742 



Loss therefore " . •« 38,346 " 

Or 5'9peroeiit« 

BOASTIMa 07 MATTB. 

Matte 1488 tons per ton. 

Charcoal * 18288 bushels 12-3 busheto, 

"Wood 251 cords ; . 0-15 cords. 

Peat 55-4 tons 0-03 tons. 

Labor 5040 days 315days. 

7178ION 70B BLACK GOFPEB. 

Charge :. . . .Boasted matte containing 23*2 per cent, copper 1343 tons. 

«* " *« 60.8 .'* " ** 175 *• * 

Crasses and cinders : 25 '* 

Scoria 380 «♦ 

Sandstone 477 «* 

2400 

Products :. . .Matte containing 60*26 per cent copper. . « .191*6 tons. 

Black copper containing 90 ♦« " " 314*4 *♦ 

Crasse 15* " " " ....20*3 «* 

Cinders 10 " •• •* ....12*8 *• 

539*1 

Labor : . . . . .747 shifts, 4 men to each shift 2988 days. 

Fuel : Charcoal 88,047 bushela 

Labor : per ton of charge 1*24 days. 

Charcoal:... " " «' 37 bushtls. 

Charge smelted in 24 hours. 9*5 tons. 

Loss : The charge contained of copper 869,411 pounds. 

The products *» *• 837,016 ** 

Loss therefore 32,395 pounda 

Or • 3-7 percent 

VZHING. 

Charge : Black copper 628,443 pounds. 

Product : . . ..Rosette " 492,840 •* 

Crasses and cinders 96,228 *• 



Labor : 1,296 days. 

Fuel : Charcoal 24,000 bushoto. 



Loss : Copper in materials charged. 597,025 pounds. 

«« •« obtwned 589,068 " 
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Lost. Per Cent. 
186,289 44-5 
5.9 
3-7 
1-33 



37.899 

32,384 

7,957 

264,529 



TABLE or LOSS. 
Copper In oliarge. O>ppor fn prodao^s. 

Lixiviation 418,895 pounds. 232,606 pounds. 

First ftision 641,641 " 603,742 " 

Second fusion 869,400 «* 837,016 ** 

Fining : .597,025 «* 689,068 •* 

2,526,961 2,262,432 

This amounts to a loss of 34*42 per cent of the copper in the ores. But this is 
too high, because all the products from the piles and the cementation vats were 
not smelted within the year. Knowing the percentage of loss on each operation 
we can calculate the true loss on 20,466 tons of otQ containing 388*7 tons copper 
as follows : 

Lixiviation loss on. . . .418,800 lbs. copper @ 44*5 per cent = 186,366 pounds* 
First fusion «« "... .590,834 •« ** @ 6-9** ** = 34,859 ** 
Second fusion loss on. 655,975 " *« @ 3*7** «* = 20,571 *♦ 
Fining " «• 535,404 ** •• @ 1*33 ** " = 7,139 ♦« 

Total :..*.. 777,400 lbs. 32*0 per cent. 248,935 lb«. 

Engineer Pbliati reports the loss for 1865 at 31*8 percent. 

From this it appears that roasting and its accompanying lixiviation are the 
processes which cause the greatest loss, and are, therefore, the least perfect. 

EjBpense per ton. To ascertain the average cost of one ton of pyrites, we will take 
the following amounts; best ore 406,547k., kernels 2,081,447, shells 16,060,785 
k. ; total 18,548,779 kilos or 20,399 tons. The expenses of labor and material 
upon each ton of this, in all the operations, is as follows : 

TABLE OF EXPENSE FOB 2000 POUNnS OBS, IN UNITS OF LABOB Ain> MATEBIAZm 





Labor 
days. 

1*93 
0*07 
012 
017 
0.25 
0*15 
0*06 


Wood 

Curds. 


Char- 
coal 
bushels. 


Peat 
tons. 


Iron 
pounds. 


Sand 
stone 
ton». 


RoastinGf ore 


003 










TjlTiviation 










Cementation 




034 
5*160 
O.90O 
4-310 
1*18 


0*042 


31*41 




Fusion for matte 




0*028 


iRoastinfir of matte .... 


0.012 


002 






Fusion for Black Copper. . . 
Fining . . ... ....... t . .t 




0023 






















2-75 


0-015 


11,584 


0*044 


31*41 


1 0*061 



Prices at Agordo are as follows : 

Mining ore 9*56 francs per ton = $1*91 

Cfiarcoal 12*25 ** per cubic meter = 8*5 cents per busliel. | 

Wood 3*00 *• " •* ** = $2*13 per cord. 

Peat 300 *« " ♦• ** =$1500 per ton. 

Iron 15000 " ** 1000 k. =$27*26 per ton. 

Labor 1 *00 *« «* day (average) = 20 cents a day. 

Sandstone 7*50 ** ** 1000 k. =$1*36 a ton. 

From the above table of loss it is apparent that the old process in use at these 
works was a very expensive one, considered in regard to extraction. The loss in 
lixiviation was enormous, and improvement in that part of the process would 
evidently afford the best reward. But this truth was not immediately perceived ; 
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» number of minor mfttiers fiist reoeived attention, and the changes introduoed 
were not always nsefiiL 

IniproYement at Agordo fiist took the diiection of attempts to increase the 
aauoant of snlphnr extracted ; and to concentrate the copp^^r more perfectly in 
the kemeL Although the ore contams 50 per cent, or more, ol snlphnr, the 
piles sare at most one half per cent To increase the yield the ** Styrian Kiln" 
was adopted. This is merely a rectangle, enclosed by walls and pared with stone. 
Ill the walls, which are yery thick, there are a nnmber of chambers, communica- 
ting with the interior, by small passages. The ore is fiUe 1 in and covered w.th 
fine ore, and fine spent ore £rom the lixiviation yats is stamped on the top for a 
corer. The ore is ignited by a canal in the bottom of the kiln, and the roasting 
goes on preciKcly an in a pile ; but the products of combustion are discharged 
through the side passages. As the sulphur yapors are longer in passing out, and 
the masonry in which they circulate is exposed to the air, they are more thoroughly 
cooled and condensed. At the same time the thick waUs serve to retain the heat 
of the mass, which reaches a temparature probably considef^bly higher than 
that of the pile. The result of these conditions is, that nearly one-half more 
iulpbur is condensed, and the higher heat produces better kernels. Indeed, poor 
ore, that gives no kernels, when roasted in piles, yields tliem in the kilns. The 
experiment was therefore a success, in having fulfilled the expectations formed of 
it. But this was the turning point in Agordo improvement The high heat 
which made the kernels so fine, also caused the destruction of the copper sul- 
phate, in the shells ; the sulphuric acid was driven ofiE^ and copper oxide left 
This is insoluble in water, and caused a great increase of the loss in the process 
of lixiviation, a loss which, as we have already seen, reached 44-5 per cent of the 
copper treated. The sulphur at Agordo is always contaminated with arsenic, and 
its use is restricted. Its price is therefore low, and its production unimportant 
These considerations led at once to the disuse of the £tyrian kiln, (») and im- 
provement took its true direction in efforts to increase the yield of copper and 
lessen the expense of operations subsequent to the roasting. G->-eat results have 
been attained in this work. They are— 1st The almost complete exti-action of 
the copper by roasting and lixiviation ; 2d. Projected improvements in cementa- 
tion, which include the disuse of all operations but Boasting, Lixiviation, Fining 
and Grystalization. 

Improvements in Ecxisiing—One of the peculiarities of the Agordo deposit is a 
layer of hygroscopic pyrites, which fiiUs to pieces up' n contact with the air. 
^This is mnde into round, conical bricks, which are dried and then piled like the 
other ore. But to save the expense of ovens, which are necessary in the winter, 
the extraction of this ore has been confined to the summer season. It is now 
proposed to build crushing works, and breakup all the ore, except the richest, to 
the size of one centimeter (0*4 inch). It will then be stamped into bricks. These 
have the f<hape of a truncated cone, with a height of 10 centimeters (4 inches), 
and a mean diameter of 15 centimeters (6 inches.) Three moulds are cast in one 

5. One of these kilns it still in use, but only for want ot room for tho roasting 
piles. 
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piece, and a workman oaa make CKX) Moks by four o (dock p. h^ his work beiBf 
as follows : bringing aid wetting his ore with mother liqaor from the crystalia^ 
tion Tats ; forming the bricks, and carrying them to the drying ground. It shoul4 
be remarked in regard to the time, that the workmen at Agordo are compelled to 
leave work at 4 p. ic, because of the sulphurous acid Tapors from the roasting 
piles, near which they work, 'xhere is nothing in the work itself which forbids a 
foil day's labor, and a production of at least one-sixth more. The bricks weigii^ 
about 2 k. or 4*5 pounds each. They are air dried, and then piled on the outside 
of roasting piles in full operation, and completely dried. The weak solution of 
iron and zinc sulphates, which forms the spent liquor from the crystalization yatii, 
acts witn a slight oxidizing effect upon the grains of pyrites, and binds then 
together like a cement ; the bricks are consequently quite hard. 

After drying they are piled in regular order, 70,000 or 80, 000 in a pile ; covered 
with smaU ore, and lighted as usual with logs of wood placed at the comersi 
"When fully ignited a layer of spent roasted ore from the lixiviation vats is thrown 
over tlie pile to serve as a cover. The roastiug period is, as usual, 7—9 months, 
according to the size of the pile. This is then opened, and each brick is brokei^ 
in two to ascertain whether it is fully roasted. Those which are underbumed 
are thrown into a pile of fresh bricks and reroasted. It is the peculiarity of thin 
method that no brick is ever over-roasted, a fact that is fully proved by fifteen 
years* uniform experience. 

A pertect roasting, for purposes of liziviation with water, is that which leave* 
the greatest possible amount of sulphates. How much superior this roasting ol 
the ore in brick form is over that in lumps, is shown by the following results conv- 
municated by Signor de Hubsbt : 
Fine ore, stamped in moulds, roasts to a red-brown color 

and loses in lixiviation 30 @ 32 per cen^ 

Ore in lumps, well roasted, but of a darker color, loses. ... 18 @ 25 ** ** 
The same, over-roasted, uearly black in color, loses 14 *< ** 

Thus we see that the gain by crushing and moulding the ore is twofold. Over* 
roasting is steadily avoided, and the roasting is better than the best in any othef 
form. 

This gEun in soluble matter is of course principally iron sulphate, but it is a 
well-known fact that copper sulphate is much less easily decomposed by heat than 
iron sulphate, and we ought therefore to expect an increase in the proportionate 
extraction of copper even greater than that of the iron salt If wo take the ave* 
rage extraction of iron sulphate, from the lump ore, to be 22 per cent., and from 
the brick ore 31 per cent, the latter gives about 33 per cent greater yield of this 
salt than the former. We have seen that the loss of copper in roasting and lix- 
iviation is estimated at no less than 44*5 per cent, while experiments on the new 
method indicate a loss of only 3 or 5 per cent, which is a gain in extraction of 
75 per cent These results are astonishing, and, simple as the means taken to pro- 
duce them are, must be underlaid by some general principles of value. 

Were the molecules of which each lump of ore is composed independent of each 
other, we should probably liave an almost complete conversion of the sulphide 
into sulphate in roasting, as the heat produced by the combustion of one extra 



Digitized by VjOOQ IC 



14 AOOBDO. 

atom of snlphor doc« not Mem sufficient to destroy the sulphate salt formed by ib« 
boming of the other. When this destmction does take place, it is probably due 
to the £Act that the particles of ore do not all reach the sulphate stage at the same 
moment, and those that arriye there first are subjected not only to the effects of 
the heat stored np in them by the combustion of their sulphur, but also to the 
added hdat which the neighboring particles of sulphide give out in burning. 
Among the remedies, which hayo been proposed for this evil, is the admixture of 
inert substances to keep the particles of roasting matter apart The improrement 
at Agordo may properly be placed in this class, though the substance mixed in 
with the ore is not a solid, but a gas ; it is air. tBut the air performs the ftmc- 
tiOns of an inert non-conductor, and it is to this property that it owes its value. 

The reason why the bricks roast better than the lumps is doubtless to be found 
in the diflisrence in the physical condition of the ore, produced by crushing, or by 
the natural disintegration of the hygroscopic ore. The superiority of the small 
ore is in the seyerance of the mathematical contact naturally existing between ore , 
particles, in large lumps. That it plays an important part is proved by the fad, 
that no kernels are ever found in the bricks formed of small ore, the concentra- 
tion of copper in the centre being prevented by the separation of the lump into 
an infinite number of small grains, which have no perfect contact. In the kernel 
roasting, for which this place has been so &mous. it has been observed that the 
copper in one lump has sometimes been concentrated in a neighboring lump, 
lower in the pile, with which it came in contact For the transmission of copper 
from one lump to another by any process yet suggested, an absolutely mathema- 
tical contact is indispensable. Whatever the true method ot that transmission 
may be, it is evident that an action, so exceedingly slow and delicate as it must 
be, could not proceed if the least chasm or other obstruction lay in the way of the 
advancing copper. There must have been a maiiiemiitical contact between the 
two lumps ot ore. and it remains to explain why two neighboring grains in a brick 
oannot come into eaually intimate union. 

The explanation given at Agordo for the transfer of copper from one ore mass 
to another, is tbat in a pile made up of irregular lumps, there wiU be irregularity 
of interstices also, and some of the open spaces will be so large as to furnish air 
enough to cause too rapid combustion in the pieces immediately around them. 
The heat being thus raised, the mass of pyrites melts superficially, and flows 
down upon the lump below, thus establishing the close contact necessary for the 
. transmission of the copper, in its process of concentration. 

In the brick made up of grains, noue of which are larger than 1-L6 cubic inch 
and most are from 1-4 to 1-10 inch in diameter, this rapid fusion cannot proceed. 
Even if one particle gets into furious combustion, the air which almost surrounds 
it x^revents the transmission of its heat and there is no general fusion of the sur- 
face of the brick. Thus the air maintains the disaggregation of the pile. 

Admixture of an inert solid, like silica or shale, serves the same purpose as air. 
The poor ore at Agordo rarely has kernels, or only inferior ones. The interposi- 
tion of the silica prevents the advance ol the copper ; and when kernels are 
formed it cannot be doubted that the gangue, always small in quantity, is absent, 
or nearly so, from those pieces which give the kemeL Thus we may refer the 
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slow and even roasting of the bricks to the separation of the ore particles which iti 
accomplished by crushing ; while the maintenance of this separation is due to ths 
lion-condnctor^air-^by which they are nearly surrounded. 

These facts may be obserred daily at Agordo. The piles made up ore briektf 
are much less aggregated by fusion than the others. Ordinary piles are found to 
Consist, after burning, of a mass which has gained decided coherence by the heal 
it has undergone. The ore must be knocked out by strong blows of a hammer ; 
while the bricks, though somewhat coherent, yield much more readily. 

It is proposed to take advantage of these results of many years experience and ■ 
erect (1) Crushing works in which whatever crusher is selected will have to exert 
both a crushing and a percussive action, as the Agordo ore is very hard and 
tough ; (2) Ovens for drying the ore. (The order for tiiese had been received in 
18G9 ) Ib addition to this, there wiU probably be some changes in manipulation* 
as at the liziviation tanks where the ore is jiow moved twice, instead of pumping 
the liquor, a much less laborious operation ; but of this kind of improvement 
which is merely the reforming of a bad disposition of the works, and includes no 
principle, I do not intend to speak. 

The next field in which improvement is to enter is the precipitation of the 
copper by iron. Three propositions are now before the government, as follows • 
1. Hot precipitation in revolving casks, 12 feet in diameter, as at Skofie in Austria. 
This ODeration is thus shortened to 12 hours, no basic salts are produced, little 
arsenical salt precipitated and the amount of iron used is practically a minimum f 
90 iron to 100 cement copper or 154 iron to 100 pig copper. It is difficult tO 
institute a fair comparison between the Skofie method and that at Agordo, though ^ 
the ores have about the same value, because the ore of the former is already an 
oxide ; but leaving out the roasting in both cases, the following comparison of 
loss and expense of material, in other operations, gives a good idea of the decided 
differences in the two systems. 

To produce 1000 k. (2200 pounds) rosette copper, requires at 

Agordo. Skofie. 

Copper in the ore 1412 kilos. 1202 kiloe« 

Wood : 1*90 cubic meters. 

Peat 19-10 *« ** 

Charcoal 34-40 •« *• Sim. 

Iron. 2750-00 kilos. 1540 kilos. 

Sandstone 4460-00 •* 1540 ** 

This comparison is the more striking when we remember the fact that only 46 per 
cent of the copper which was smelted at Agordo had passed through cementation. 
The rest was obtained from kernels and rich ores. 

2. Addition of sulphuric acid to the liquor during cementation. This is the 
suggestion of Signor ds Hubxbt, director of the smelting works, who has worked 
out the method. The greatest defect of the present system of precipitation is the 
production of basic salts of iron. These are tlie result of the long contact of the 
hot liquor with the pig iron in the tanks and they cause a loss of iron, a precipi- 
tation of arsenical salts, and by adulterating the cement obtained, they prevent 
the immediate conversion of the cement to pig copper, and thus cause a loss of 9 
per cent of the copper in the cementb by the double fiision which is necessary. 
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Bgnor in Httbxbt finds that these inconyenlences can be avoided by the addition 
of sulphuric acid to the cement liquor, a course which carries with it only two ob- 
jections ; the cost of the acid and the use of more iron ; while its advantages are 
Ibe productioB of a cement which catt be smelted at one operation to fine copper ; 
and a larger make of copperas. The latter, it is true, arises partly from the sul- 
f^uric acid added and the extra amount of iron consumed ; but also, irom thQ 
prevention of the basic salts. 

Experiments in the laboratory gave the following results : 
Without sulphuric acid, the eement contained 1—3 percent of arsenic and 30 per 

cent, of copper, the impurity being chiefly basic iron sulphate. 
With sulphuric acid the cement contained no arsenic, no basic i^alt, and 67—73 
per cent of copper ; the impurities being carbon from the iron, iroi^ 
powder, ore particles and sulphur. The latter was in so small quantity 
that the cement was well adapted for immediate fining. 
An experiment in the large way resulted as follows : 

Amount of cement liquor (charge for one vat) 16*75 cubic meters. 
Concentrated acid t -25 litres (4 lbs. ) 
Iron consumed to 100 copper 232*00 
Cement contained copper 75*3 per cent 
Arsenic none, • 

The importance of avoiding the formation of basic salto lis seen firom the &ot 
tliat of the cement obtained in 1865 : 

375,800 pounds contained only 58*57 per cent copper = 220,106 
61,790 " «• •« 9*89 ** •♦ •♦ = 5,122 

Total copper pounds 225,228 

Allowing 33 per cent for impurities by the proposed method (see experiment in 
the large way) the production of cement to yield this amount of copper would be 
397,007 pounds. As the amount by the old method was 427,590 pounds, we may 
look upon the difference, or 130,583 pounds, as the amount of the basic salts. 
These s&lls have the following composition : 

Sulphuric acid 35 35 

Ferro oxide 4:: -21 Iron 30*24 

Alumina 15*71 

Zinc oxide 5-53 

96*80 

In addition to this they contain a variable quantity of water. 

The enormous consumption of iron, two and three quarter pounds, for every 
pound of copper precipitated, in 1865, is, therefore, partly due to the formation 
of these insoluble salts ; for tliey are formed by the union of a certain quantity of 
the soluble sulphates with the iron introdi|oed into the vat But liie amount of 
iron thus taken up is only a little less than 22 parts for every 100 of basic salt oi 
about 29,000 pounds of iron thus wasted in that year. This does not by any 
nieans account for the quantity of iron nsod. But an analysis of the liquor ob« 
tained from Agordo ore, shows that it contained an average of one-half per cent 
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of snlplmrio add. As there were 345,087 cubic feet of Uqnor, tbe axnoxui^ of free 
acid was 108, 3iO pounds. The statement for 18(15 would therefore be as follows: 

Necessary io precipitate the copper 195,610 poiinds iron. . 

Takennp by basic salts 28,601 " 

" " free sulphnric add 72,226 «♦ 

296,437 
Amount of iron used v . 640, 800 

Amoont not aeooimted for 344,363 

Thns we are nnable to trace more than half of the iron which is consumed. If 
we allow 6 per cent for carbon and other impurities in the iron, and an equal, 
amount for the iron sand always found in the cement, we should hare a further 
deduction of 41,324 pounds. It may be that ore roasted in the lump contains 
more free acid than that roasted in bricks, which was used in obtaining the liquor 
analysed. It is a little remarkable, however, that the formation of iron salts in a 
liquor whieh contains one-half per cent or more of free sulphuric add can be 
prevented by the addition of so infinitesimal amount of free acid as li litem 
to 16| cubic meters ; equal to 16,750 Uters of liquor. 

3. A third improvement suggested is the predpitaUon of the copper as a sul- 
phide from the cement liquor. To do this, faydrogeb sulphide would be made by 
heating the rich pyrites with sulphuric acid, or passing steam over hot pyrites, the 
resulting Ha S being dissolved in water contained in a large chamber. The 
cement liquor would drop into this liquid and the copper be resolved into sulphide 
which would then be smelted. The objections to this method are the magnitude 
of the chambers and generators for hydrogen sulphide which would be required 
to treat about 34fii, 090 cubic feet of cement liquor yearly ; the necessity of manipu- 
lating the copper sulphide rapidly to prevent its taking fire, and oxidizing to copper 
oxide which cannot be worked in the furnace without loss, and the difficulty of 
handling and compressing so large a mass of sp ngy sulphide. Assuming the 
yield of 1865 as a basis we have the following estimate of what would be required 
for this process : 

231,000 lbs. copper requires 116,600 lbs. sulphur to make copper sulphide. 
116,600 lbs. sulphur requires 220,000 lbs. pyrites to frimish the sulphur; 
116,600 lbs. sulphur makes 1,400,090 cubic feet of H2 S gas. 
Ooe volume water absorbs 3 volumes H2 S. 
Water required, 470,000 cubic feet 
Or 1,513 cubic feet daily for 310 days. 

As the amount of cement liquor, in 1869, was only 345,087 cubic feet» the 
volume of hydrogen sulphide solution would be more than that of the cement 
liquor. The iron sulphate would no longer crystallize out Its production, 
would have to be given up or the liquor concentrated again by boiling, which, 
considering its extreme dilution, would not be profitable. Thus Agordo is con- 
sidering one proposition to greatly increase its production of copperas and an- 
other, which may do away with it altogether. 

The drcumstances by which the works are surrounded are such that there is no 
great difference in economy between these two diverse proceedings. The town ia 
iitaated so tax from routes of travel, that the profits on pperas are nearly 
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ffwaUowed np by the freights ; so that a very sUght impiovenient in thq yiald of 
oopper, or in the cost of working it, might determine the sacrifioe of the crystal- 
lization part of the prooees. On the other band the demand for copperas is good ; 
mcreased make will cheapen processes, and if a great improTement in yield and 
cost can be obtained by a method which gives taiore of this article, there will be 
an advantage in making it This advantage will be increased by the fact that 
Signor db Hubert's method gives a fine product 

4. The mamifa tnre of cast or wrought iron from the residaes of the lixiviatlon 
vats, is another snggestif^n which was under consideration . These residues, as 
x^ow produced, would give a cast irQu containing about 6 per cent of sulphur, whidi, 
with the present process, would do no harm. By the new method of roasting, 
the percentage of sulphur would be very much less and would indeed be as low 
as that of iron made from many good brown hematite ofes. As the consumptioa 
of iron is about 300 tons a year and it could be made at the works for less than 
$20 A ton, while it now costs $30, the saving would be considerable. With the 
new system of roasting there is in fact no reason why good iron, which would 
xeadily find a market, should not be made. If wrought iroh is made, an open fira 
iriU be employed and the unhammered bloom used instead of the pig. 

In 1869 the recommendations of Signor PBLi«iLTi were confined to the manu- 
fEtcture of bricks, and the erection of a blast furnace to make cast iron. Tha 
other proposals were under discussion. 

The importance of these changes can be seen at a glance, by coo^paring the cost 
of the old and new works. In doing this I will asE(ume that the manufacture oi 
bricks requires the same amount of labor as breaking out the kernels. We would 
have on the one hand the old process comprising the 7 operations already given, 
on the other, the new process with 4 operations as follows : Boas^ng, Lixiviation, 
Fining and Cementation. There would be a saving upon each ton of ore of about 
half a day's labor, 13 bushels of charcoal and most of the sandstone. This 
assumes that the efforts to precipitate in such a way as to obtain finable copper 
are successfuL ^ 



The importance to this country of a cheap method for the eiitraotion of copper 
can hardly be over-stated. Theve is a vast quantity of 2 and 3 per cent ore in the 
United States, lying in deposits that are already known, and scattered through all 
the States. Cheap and excellent processes are already in use, though not gener- 
ally so. There are no statistics available for making an exact comparison between 
the cost by them and by the Agordo method. AU that can be pointed ou^ now is 
the differences inherent in these systems. One works with a very great economy 
of iron, and the other makes sulphuric acid as a by-product In efficiency and 
cheapness they nre, so far as I know, very nearly on a par. 

The advantage of the Italian method is the extremely low cost of the plant. 
When the contemplated changes have been made, this expense will be confined to 
the erection of a few rough roasting sheds, , lixivittion vats, and a fining furnace, 
if the amount of ore will warrant it The outlay for plant which the other systems 
reqaire, is of&et at Agordo by the interest on the cost of mining. This interest^ 
for 9 months, at one per cent a month would, on ore that cost $2.50 to mine, 
amount to 23 cents a ton, and on ore that costs $10 to mine, (as it often does in 
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the West) 90 cents a ton. The other expenses by the new method will be abool 
|ys follows : 

XXPEMBS FBB TON. 

Lfibor Wood- Charcoal Iron Sand 

days. oords. bnshels. pounds. pounds. 
Making bricks. . « . . .0*7 

Boasting bricks 0*3 0003 1 

Cementation 0-15 0*030 18 { 

Fining 0-12 2 10 » 

Total 1^ 0O33 2 18 10 

To this there would be a small addition for crushing which could be done by a 
Blake or other coarse crusher. 

The copperas which is a by-product of this method, would be raluable <uly 
when the mine was so situated as to enjoy cheap and abundant transportation. 

It should be noted that this process is applicable to other and more yaluabl« 
metals than copper. The carefiil roasting which retains 97 per cent, of the 
copper in the form of soluble sulphate would be equally effective with nickel an4 
more so wit^ cobalt ^ese metals or a mixture of them with copper or iron 
pyrites can be treated by this process and apparently with great success. In faet 
ores that contain too little of Uiem to be utilizable by ordinary methods, oui{ht to 
be valuable when brought under this treatment 
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THE MERCURY WORKS AT VALALTA.* 



A TEW miles from Agordo there is a meronxy mine, and, ooxmeoted with it» an 
establishment for treating the ore which offers some pecoliarities well worth con- 
sideriDg. This is the mine and works of Yalalta. The mercury is obtained from 
cinnabar found disseminated generally in minute threads and spots through a 
mass of decomposed poiphyry. The rock also contains iron pyrites and gypsum* 
the latter being usually in contact with the cinnabar when it is concentrated in 
small yeins, as sometimes occurs. Hand specimens of pure cinnabar are found, 
but the^ are rare. As at Agordo, this deposit attracts the attention of the metal- 
lurgist chiefly on account of its poTerty, and the means used to work successfully 
an ore of so littb Talue 
Three sorts of ore* are obtained by band picking as follows : 

Good containing 2*5 per cent merouxy 

Poor " 0-25 , •» •• 

Powder " 0-25 " ••« 

In one year 4,910,000 k. or 5,400 tons of ore were mined, and the mercury ob- 
tained was 17,000 k. or 18*7 tons which gives an average yield of 0*346 per cent 
The loss as ascertained at the works was 0*10 per cent calculated upon the ton ot 
ore, so that the value of the ore is as follows : 

Yield 0*346 per cent.] lj^^:4< 

Loss 0-10 " I .- ;..'^ 

Mercuryinore 0-446 •* / n^ ri" 

. It ^as been found that ore containing no more than one-eighth of one per cent 
can be worked in this furnace. The methods by which an ore containing only 
45400ths of one per cent is treated with profit, are as fellows : 
The worlds are so situated that the sorted ore is run in can on a tramway 

1. For the information contaiiied in this paper I am indebted to Signor Maszomx, of 
Agordo, lessee of the works, and to Sfgnor Tovt. manager. 

2. A full suite of ores and products of the distillation works can be seen at the New 
rork School of lilnes.. 
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dinctly from the mine to the top of the fiiniaee, and this work is charged to 
mining acooont At the fdmace it is thrown into a wood box, which is so made 
that it can be lifted up, and which is placed close to a hopper which forms the 
month of the fomace. In the roof of the latter there is a small pipe, with a cover 
which has a water joint By looking through this pipe the workman ascertains 
the condition of the ore in the fdmace, and by thrusting an iron rod through it 
he ascertains the height of the materials. The normal height of the oie is 3-5 
meters or 11 ft 8 in. When it has sunk to this level a new charge is made, pro- 
vided the sur&ce is red. 

The slide of the hopper is withdrawn and the charge aire idy in it fiJIs upon 
the hot ore. The slide is then dosed, the iron plate which covers the hopper, 
and which also has a water joint, is raised, and the new charge is dumped in by 
tilting the box. Charcoal, to the amount of 2 per cent of the ore, is thrown on 
top and the cover is replaced. The weight of the charge is 480 to 660 k. — 1056— 
1232 Ibs.^ — and a new charge is made usually every hour and a quarter. The 
daily work of one furnace (24 hours) is therefore 9,120 k. or lOi tons. 

The fomace is a shaft, and does not differ from the ordinary H^LmnsB Aimac«. 
The ore rests upon a large grate at the bottom and after each charge the work- 
man pulls down with a hook an equal quantity of spent ore. It &lls into an 
iron wagon, running on a tramway, which is carried under the furnace by means 
of an arched way. 

The peculiarity of this furnace is its condensation. This is by tubes *and 
chambers similar to those employed elsewhere, but the tubes are of wood and the 
mercurial vapors are drawn through the condensers by suction, an arrangement 
very important in its results. 

1. It produces perfect draft, so that there is never a return of the vapors to the 
ftimace and out at the furnace bottom, as sometimes happens when the draft is 
natural With properly proportioned chambers the condensation is therefore also 
perfect,. and the health of the workmen does not suffer from inhaling mercury 
vapor. In the 12 years during which this apparatus has been in use, there has 
been no general sickness, though formerly the hospital, usual to these establish* 
ments, had to be maintained and was well patronized. But there are now no 
cases at the works, except (I believe) one or two which are the Result of pure 
carelessness, or else remain over from old times. Another proof of its efficacy i9 
the revival of vegetation in the immediate neighborhood of the furnace. In 
former times the lessee had a yearly expense of 30,000 francs in makiog good the 
damages by the fumes which escaped from his chimney. He is now entirely 
freed from this tax. 

2. It ensures a constant and regnlar flow of the vapors from the fbmaoe to the 
discharge pipe, and thus enables the means of condensation to be properly pro- 
portioned to the quantity of fumes, and the rapidity of their discharge. 

3. It lowers the tension of the products of combustion in the tubeff and 
chambers a little below that of the atmosphere ; the colunm of gases being some- 
what retarded at the fomace end by friction of the air against the ore. For this 
reason when the traps in the tubes are opened there is no discharge of vapors, bu^ 
on the contrary, an entrance of air. The workmen are therefore able to c<^ect 
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tll8 loioronry and soot feom tti^ hiblas HHHnoai litDppiJig fot fl motuent Hie run of 
^e ftitnftce. This, together idik ^e foEo^Hng, permits an oninterrapted cam- 
j^aign of two years. 

L By keeping the attonnt Of air admitted ^thin regular linuts, it preTents the 
bterheating of the fhmace. If this takes place the merdtir jr tapors leave t&e 
fhmace at so high a heat that the nsnal means of condensation are insnftcieht 
lind a loi^ of metal ensaes. 

tt is to the excellent condensation And l^e two years ran of the farnaoe, 
that we must attribute the economical results which permit an ore containing 
only 9 pounds of mercury to the ton of 2060 pounds, to be worked. 

"ihh ftirnace with its arrangements fbr charging, condensing and draft is sho^ 
in iftgure 3. 
The following are the details o^ bonstmction : 

Itnrnace : Height ^ 6*60 mete^ 

Diameter 1-20 " 

Inclination of grate, ilboUt 60** 

ifumber of ijiate bars 5 

Width •* «* 005 meteni 

Length * «• !•«> *• 

. Height rfgftngfWajundeir ftiinace....;. 2-20 

"Width ^"^ Dfltetdtti, 

Height 1-40 " 

Lenfith of moutai ^0-90 « 

Width " " ....:.... 0*80 '• 

liengthof sUde : 2^,26 . " 

taiarging box :. . . Length ^ ' 00 meters. 

Height • 0-80 " 

Width 0-80 « 

l^abes : , . . ..Number to 1 ifhmace. 8 ^ ^ 

Length of iron tubes in inasoniy 1'40 meted 

" Wood ttibes, each section I'TO •* 

Number of sections in each tube .....S 

Diameter of tubes, mean .1-00 metem 

Whole length of each tube a« set up. .' 16-40 •• 

Thickness of wood 005 •* 

inclination 6<* 

Condensation chamliers : (The dimehaaons giten axe nearly correct.) 
Number. Height. Widtii. Length. 

Ist 5.50 1-20 3-00 

2nd ^-40 1-20 300 

3d.;; ..2-66 280 840 

4th 2-70 ^^ou 3-^ 

5th 2-80 28n 340 

eth . 2-80 ^**'> 8;40 

tOi :......! 2» 1-70 8-00 

iOuUcid contentsi cabto Ibet 6,062 

' Square fe^ of external suniMse 2,000 
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dumiiey : Height from arch of 7th chamber lOOO 

LeiuEth of wood pipo lO'SSO 

Diameter •' ** at top 0*30 

•« •• •• atlwttom 0-25 

Number of upright wood partitions 2 

Tki Rtmace is built with thick walls in order to retain the heat The outer 
mils are built of slate rock and the lining of large red biick& Every two years 
the lining is so worn, from friction of the materials, that repairs are necessary. 
After the furnace is thoroughly cool, the remains of the old lining are knocked 
out, from above, and the new bricks are laid with a cement composed of c]ay> 
iron filings and acid water from the condensation apparatus. This water con- 
tains about 2 per cent of sulphuric and sulphurous acid. In the outer walls 
common mortar is used. While making these repairs the workmen are employed 
only 2 hours a dajr to avoid sickness from inhaling mercurial dust as the bricks 
contain a good deal of the xaetaL The expense for repairs is, however, slight 
After two years, the necessary repairs cost only l6o francs for labor and 50 francs 
lor material ; labor being worth about 1 — 2 francs a day. With veiy hard bricks 
which could resist the friction of the ore, there is no reason why the furnace 
should not have a still longer campaign. The first cost of a double frimace with 
two shafts, 14 condensation chambers, 6 tubes, and the necessary arrangements 
for supplying water, is, in Valalta, 20,000 francs. As before said, the fiunace with 
its hopper corresponds in all respects to that invented by Hauiocb. 

The Condensation Ckambera, Those nearest the furnace are lined with a cement 
flimilar to that used in building the fiuiiaoe. It is made of ground scoria 2 parts 
and lime 1 part The scoria which is much more serviceable than sand, must 
contain a good deal of iron, as scorias from puddling or rehea ing fhrnaces, 
copper smelting, etc. That used at Valalta is procured in the copper works at 
Agordo. Those chambers which are placed beyond the tabes are lined with wood 
2 inches thick. This is another peculiarity of these works. The wood not onlj 
forms a perfectly tight lining when it has been properly seasoned before use, but 
it affords cleaner mercury and also more of it during the campaign, from the &ot 
that less metal and soot cling to the smooth wooden surfooes than to a cemented 
wall. Thus, after the first and second chambers, where the vapors are still too 
hot to permit the uS6 of a wood lining, the frimes have an uninterrapted conise 
through wood or wood<lined passages. After many experiments with can^ents, 
bricks, etc., this material has been found the best. 

' The INbea are also of wood, 2 inches thick. They are made in sections, sltghtiy 
conical so as to fit into each other. Wooden wedges, driven firmly into the joints, 
make the whole tight Iron tubes were formerly used; but they made a great deal 
of trouble, being rapidly eaten by the sulphurous acid vapors, emanating from 
the pyrites in the ore. They had to be turned every 12 or 18 months and entirely 
renewed in 2 or 3 3*ear& Iron tubes for one furnace cost 8,000 Austrian florins ; 
wood tubes 2,050 florins. But of this smn the 3 iron rings on each section of 
wood tubing cost 1,200 florins, and as these remain uninjured, the cost of renew- 
ing the wood tubing would be only 850 florins, (about $357). But the saving is 
cfen greater than this. Though the wood tubes are kept constantly wet, their 
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darability is mnch greater than that of iron, and I beliere they haye been renewed 
only once in 12 years. A main fault of the iron tnbes is that the soot obtained 
from them is contaminated with iron dust and iron Mddes, which makes tbe 
separation of the mercury from the soot more difftcult, and also4ntrodaces a cer« 
tain amount of iron into the metaL AU these advantages— cheapness, durability, 
and serviceableness —give to wood a great superiority when 11; can be used. Iron 
tnbes are still used for the sections set in the masonry of the ilimace and the 
chambers, but aU other sections are wood. It requires a constant and pretty 
heavy flow of water, and the wood must be of a kind that endures a condition of 
moisture as long as possible without rotting. Fir and pine are used at Valalta. 

Each tube section is bound with 3 iron rings, driven on to the conical tube. 
Two trap doors are made in each tube, one in the top and one in the side.'' 
Through these openings the workman with a long handled hoe, the blade of which 
is small, draws tlie soot and mercury on the bottom of the tube to one place and 
then removes it with a scoop. During this operation hi:) foce is protected by si 
wet sponge placed over the mouth and nostrils. This precaution should never be 
neglected, though when the trap is opened the appeaxance of the tube makes it 
evident that there is little danger of the escape ox vapors. The products of com- 
bustion are seen as a bluish gray, dense and moist cloud, moviug slowly and 
regularly through the tube, and there is no escape whatever through the open 
trap ; an accident, which if it occurred, could not escape observation, from the 
strongly marked color of the fiimep. But as the workman has his arm at times 
partially immersed in this cloud, and his face is therefore brought x^ear it, the 
necessity of using the sponge, as a matter of precaution, is evident On the 
bottom of the tube, mercury soot, and metallic mercury lying in small pools are 
seen, the bright sur&ce of the metal reflecting the light which enters through the 
trap, and illuminating the tube immediately around it 

The course of the vapors is as follows : from the ftimace to condensation 
chamber No. 1 which has about the same height as the furnace ; f^om No. 1 to . 
No. 2 ; from No. 2 through the two lower tubes, each 15 meters long, to Nos. 3, 
4, 5 and 6 in succession. Thesd four chambers are so connected that all the fluid 
mercury collects in No. 5, whence it flows through an iron pipe to a kettle placed 
in a reservoir outside, fed with running water. Both metallic mercury, and 
mercury white collect in this kettle. Very little soot and that very poor, collects 
in the chambers 1 and 2 next the furnace. Most of it foils in the two lower 
tub^ together with some mercury, A good deal of the latter flows into chambers 
3 and 4, and runs into the kettle above mentioned. With so long a campaign it 
is necessary to collect as mnch of the metal produced as possible, wtdle the furnace 
is still in operation ; and the arrangements at Valalta for doing this are very per- 
fect From chamber No. 6 the vapors pass through the upper tube to No. 7, 
thence to the 1st partition in the chimney, where they rise to the top, return 
downwards to the second partition, rise again through the 3d partition and finally 
leave the famace by a square wood pipe which, turning downwards, rests upon the 
side of the chimney, and finally at the level ot the tubes, or a little above, opens 
into a water trompe. This has a &11 of 5 or 6 meters^ discharging its water upoA 
a wooden floor placed under the tubes. This floor, which is carefully made, so 
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as to be water-nna meronr^-tight, slopes from the famftce to the condensation 
house, where the ^ater runs off thiou^^h a trough, which in its torn empties into 
a cistern, in order that, by arresting the rapidity of the flow, any mercary that 
may have found its way to the floor may have an opportunity to settle. There 
are two ways in which the metal may arrive on the floor : 1st by leaking through 
the joints of the tubes ; 2nd. by escaping condensation in its course through the 
Tarious passages until it meets the stream of water. But very little does escape, 
however, only a few drops ever appearing on the floor or in the cistern. I do not 
know that any thing of importance has been collected from those places. 

The Charge consists of the ore as it comes from the mine, and ol bricks made 
up of fine ore. Much trouble was experienced at first, in making these bricks 
hard. It was found that to produce a good brick, which would not fall to piec^ 
in the furnace, the ore must not be coarser than one centimeter (04 inch) and 
must be cemented with some substance, like water containing sulphurous acid, or 
iron sulphate, which by attacking slightly the surfaces of the clay and gypsum in 
the ore, would act as a cement The liquor in use is that which serves to con- 
dense the last condensable matters in the fumes^ and is said to contain 2 per cent 
of sulphurous acid. The bricks are mode in moulds 10 centimeters (4 inches) 
high, and with a mean diameter of 16 centimeters (6 inches)* They are dried on 
iron plates. About one-third of the ore is charged in this form ; but the charge 
is sometimes one-half coarse ore and one-half bricks. 

The Loss in working is, according to the assays continually made at the works, 
224 per cent ; or 0*10 per cent of the ore upon a content of 0446 per cent of 
mercury. • 

Tke ProdacU of the distillation are : — 1. Mercury. This is very pure and 
brings the highest price. It is all consumed in Italy and Austria. 2. Mercurial 
Boot This is composed of mercury in the state of powder, mixed with a Uttle 
ore powder, mercury sulphide, charcoal powder* etc It is brought to nature by 
rubbing it on an inclined table, when the grains of mercury powder coalesce by 
friction and collect in drops at the bottom of the incline. The remainder is 
made into*bricks and re-diatilled. 3. Mercury white, which forms but a very small 
proportion of the product 

The spent ore, as it is discharged from the iVimace, is not yery hot, gives out no 
Tapors of mercury and only a slight odor of sulphur. 

The Labor employed consists of 2 men to each furnace ; length of shift 8 hours ; 
or 6 men to 24 hours. They bring the charcoal, make the small ore into bricks, 
charge and discharge the fnmace, ooUect the soot> work it over to extract its 
mercury, and pock the mercury in sacks of kid skin which are afterwards placed 
in small kegs. Thus the 6 men complete the personnel of one famace. They are 
paid at Yalalta an average of 1 20 franca (24 cents) a day. Two furnaces require 
a double number of men. 

The F\itl is pine and fir charooal costing 7 francs a cubic meter ; or 6 
cents, coin, a bnsheU very nearly ; 600 cubic meters or 18,875 bushels are used 
for two famaces yearly. 
2 he JSx^nse qf Treatment was given by Signer Tome as follows : 
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COST or TBfeAmio 10^,000 x. obs pboduoino 34*6 k. mbbcobt. 

Francs. Proportions. 

Distillation (labor) 1502 25 

Workmgsoot , 0-05 01 

Koyalty paid on prodttctioii 2*30 4-0 

Materials 24*78 42 

Repairs : labor and materials ••« 1*35 2*4 



Eunuing expenses 43-50 73 5 

General repairs 3-72 6.8 

Administration ■, 11-90 20.2 



Cost, of distillation 5912 100*0 

Cost of mining 134-73 



Total cost of 34-6 k. mercnry 193-85 

Cost of 1000 k. ore, francs 19-39 

Cost of 2000 pounds $3*53 

The cost is therefor $3-55 for one ton of ore producing 6-92 pounds ofmercuiyv 
or 51 cen*s a pound. 

The expense for abor and materials upon one ton of ore (lOOO k.) is as follows ; 
both labor and materials being included under the head of ** repairs.'* 

Labor. Charcoal Eunning General 

Bepairs. Eepairs. 

For 1000 k 1-64 d. 84 lbs. 2-7 cents. 7*5 cents. 

Proportionate parts. 

Total cost = 100.. 33-5 55-20 3-00 8-30 

Mining cost per ton (2000 lbs.) $2-45 or 69 

DistilUng 1*08 or 31 

$3*53 100 
Though comparisons are never more to be distrusted than when made upon 
ores of mercury, mined in distant districts and worked in fiimaces more or less 
dissimilar, it is nevertheless instructive to set the results of the Valalta fomace 
against those in other works. The distinctive characteristics of the Hahneb 
furnace is, that it is a shaft and that it works continuously instead of intermit* 
tently. Cther furnaces are either of the reverberatory form or, if they are built 
like a shaft, they are intermittent, being filled, fired and cooled down at each 
operation. Between the Hahmzb furnace at Valalta and those at Idria in Austria 
and Hipa in Italy, theie are two important di£ferences— that of drawing air regu- 
larly through the furnace, which is not done at either of the last mentioned 
places ; and the condensation, which is by large chambers and not by tubes, as 
at Valalta. The woti. in these furnaces shows some notable difTerences. 
At Idria3 the ore is charged with 3 to 4 per cent of charcoal every 14 houiM. 

The ore contains 3*11 per cent merouty. 

Ihe yield is 1-90 " " 

Loss therefore 1*21 or 38*9 per cent 

AtEipa* 

8. Berg. A HUt^. Ze.^ung, 1854, p. 419. 
4. Bnil. d. 1. Soc. Ind. Min. IL, 383. 
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The ^harge in 24 hoars is 8,800 pounds. 

Gharooal 352 *< or 4 per cent 

The ore contains 1 per cent 

The yield is only 25—30 per cent 
The system of condensation by chambers is not so tborongh as that by tdti^ 
and at Idria and Bipa the condensation is forther hindered by the excessiYe 
amoant of charcoal nsod, amounting to 50 and 100 per cent more than at 
Vaialta. This must add very greatly to the temperatore of the gases. Whether 
the regular and moderate flow of air produced by the trompe would effect a re- 
duction of the amount of fdd cannot be told without experiment The ores are 
practically the same, except in regard to richness. It should bexemarked thai 
poorer ores at Idritf require more charoooL 
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On ihe left bank of ihe Bhine there is ft sandstone layer which oorera a sorfiioe 
Beveral sqnare miles in area and for a thickness of more than 100 feet, contains 
lead in the form of sulphide and carbonate. The rock contains but little lead ore, 
from 2 to 3 per cent only, but it is so friable as to break up to sand by the mere 
■hock of the blast, and a simple but carr^ful concentration permits the treatment 
of ore so poor, even, as this. Although this ore does nut resemble that which is so 
oommon im Utah and Nevada, either in mode of occurrence or in appearance, it 
has about the same composition. The product consists of about 42 per cent 
galena, 28 per cent lead carbonate, and 30 per cent quartz and clay. But these 
proportione are not exact. The amount of silver varies from 0*007 to 0*014 per 
cent or 2 to 4 ounces to the ton ofwashed ore. 

The general mode of treatment is by roasting and snbsequent fusion with puddle 
ilag and sometimes with metallic iron. There are two works, those of the Mecher- 
nich Company and those of Messrs. Pibath & Juno. Three kin Is of ore are ob- 
tained. Smelting ore, "glasur" ore used for glazing earthenware, and white- 
lead ore, part of which Is worked up to paint by BnoDros Bbothebs, near lin^ 
on the Bhine, by meaxis of the gas which issues from natural gas wells. 
THE MECHEBNICH COMPANY.* 

Bammbubkbo gives the following proportions as the average product of these 
sorts, at this establishment :* 

Smelting ore 20.900 tons containing 58 per cent lead. 

Glazingore 1,925 «« «« 62—80 " " 

Whiteleadore 660 " " 50-52 *• «« 

BOASnNO. 

- The ore is roasted in furnaces which have a hearth 33 feet long and 12 feet 6 

1. Toe information contained in these notes on Meobemioh, I am indebted to Hen 
B iammuT , chemist to the company. 

2. A ftall 0nite of the ores and furnace ptoduoti of the Meohernioh Company are in th« 
oaMnetioftbeNewTork^kihoolof liines. 
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inches wide. The roof is made of hollow bricks to lessen the weight and the 
enormous throst of an arch so very flat, a weight which soon causes the Dadling in 
of an ordinary root These bricks are 13| inches square, 9 inches high, and have 
a deep depression in their upper surface so that probably two-fifths of the material 
is removed. The doors are formed of a cast-iron fiame set in the brick work, the 
IVame being 2 feet long, 1 foot high and with an opening 8 inches square. This 
opening is closed by a cast-iron plate. 





T^ 



Figwre 4. JP^igure S, 

Figure 4 shows the form of the bricks and figure 5 that of the iron castings Ibr 
the doors. 

A cast-iron box on the top of the furnace receives the ore while it is drying. 
About ninety centners or 9,900 pounds are charged every 12 hours, so that the 
ftimace roasts 9 to 10 tons daily. The rapidity of the roasting depends somewhat 
npon the proportion of carbonate in the charge. When there is much of this, 
the roasting is rapid ; and the large amount passed through these fiimacesis also 
due to this ore. At Freiberg, where the ore is altogether sulphide, the fiimaces 
cannot work so much. The Mechemich works have 10 of these ftimaoes. 

The management of these fiimaces is peculiar. The ore lies in a much thicker 
layer than is usually allowed, and toward the fire-place it is heaped up nearly to 
^e roof, in the center sloping away to the sides, where the gases mostly pass. 
Kext the fire-place there is a depression in the hearth, called the crucible, de- 
signed to receive the ore which is completely melted toward the end of the opera- 
tion. The ore forms a broad bank at the edge of this crucible, and in immediate 
contact with the flames. It smelts rapidly, an: as fast as the melted ore runs 
down into the crucible the ore behind it is pushed forward. 

But it is evident that this method of treatment is not favorable to the liberation 
of the sulphur, a process which demands the most complete access of air, and 
access is prevented in these fdmaces by the extreme thickness of the ore layer, 
^cordingly we find that although the ore cannot contain more than 5 per cent 
sulphur, as a great part of it is already oxidized and there is no pyrites present, 
the roasting is still fax from perfect When the ore arrives at the crucible it dooi 
so with its galena probably not more than half roasted and the melting down of 
the fine and intimately mixed quart? and lead oxides is then so rapid that the 
galena Ss covered with a glaze of slagged ore. It is carried down with the latter 
Into the crucible and forms a Igtyer under it I should judge the furnaces were 
producing, at the time of my visit, fully 20 per cent of this unaltered galena. 

This arti£cial galena is very much richer in silver than the ore which has been 
converted into silicate ; a circumstance which is due to the stronger chemism 
between silver and sulphur than between silver and oxygen. An assay was made 
at my suggestion of the oxidized ore and the unaltered galena from a fhmaoe> 
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which nnfortanately for the trial was nmning on very poor ore, containing about 
25 per cent lead. 

I. The unaltered galena contained 0O55 per cent silver or 7*3 ounces per ton. 
II. The lead silicate- *• 0*008 «♦ *♦ ♦• 3*3 •* ** 

To prevent the formatioti of this product a new fiimace has been built It 
has two hearths, an under and an upper, with 75 feet of hearth length. This 
is a success in so far as its roasting is better, its pruduct being an almost coui- 
pletely homogeneous silicate, with but ft^w particles of galena distributed through 
it In repeating tills experiment a furnace has been built with a total length of 
hearth amounting to nearly 8*2 feet The result has not been made public. There 
is, however, one difficulty connected with the reduction of the sulphur to so small 
an amount Under the old circumstances a certain quantity of matte, about 2 
per cent of the charge, was formed and collected at the bottom of the conical pots 
used to receive the slag. But a less quantity than this would probably elude col- 
lection and have to be thrown on the waste heap with the slag. A. certain amount 
of matte is always retained by the slag, either in solution or in minute drop^ 
inechanically held. If the sulphur cim be reduced to the amount which the slag 
has always retained in this manner, there would certainly be a gain ; but if the 
liberation of the sulphur is not carried so far, but still far enough to make the col- 
lection of the matte impracticable, there would be a loss. 

In roasting by the former method it was impossible 
to ascertain the progress of the operation, for the 
mass of ore in the furnace was by no means homo 
geneons. The amount of galena which passed un- 
ehanged through the bperation proved that it was very 
incomplete. In the new furnace, however, the 
amount of sulphur liberated can be ascertained ; and 
with ore containing G '5 to 7*5 per cent sulphur, cor- 
respondiug to 48*5 and 56 per cent galena, the 
roasted ore has 1*5 to 1 per cent, corresponding Jto 
11*2 and 7*5 per cent galena. The larger of 
these quantities, 1*5 per cent sulphur, corresponds 
to an amount of matte equal to about 6 per 
cent of the ore ; but this would be very much les- 
sened by the sulphur 4Jssolved in the slag. Assum- 
ing that only one-halt the sulphur was formerly eli- 
minated in roasting, we find that about 3*5 per 
cent of sulphur in the shaft furnace gave about 2 . 
per cent of the matte. Beduced to 1 *5 per cent, the 
sulphur would probably all be absorbed by the slags, 
and the new method would therefore be advantage- 
ous. It is hoped, however, that the ore can be 




Figure 6* Tend Fur-" 
ndee at Mechemieh, 



A— Charging Door, 

entirely freed from sulphur, or the latter reduced to less than one per cent at 
most, and in that case there would be a considerable saving by the better roasting. 

FUSION. 

The Famacea in which the roasted ore is smelted, are shown in figure 6. They 
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are built of ordinary zed brick. Tbey are 15 foethigh, amd 4 feet square, and 
have 4 water tuyeres, which are of the built up kind, the back piece being bolted, 
instead of ca8t» on. 'ihese tuyeres have been discarded in most works. The fiir- 
naces are closed at the top by a brick flue, the gases being led to hiis^h chimnies 
which complete the system.. Other dimensions are as follows : 

Height of furnace 15 feet 

Section, square 4 X ^ " 

Height of slag hole above tap hole 14 inches 

<*. <* side tuyeres above slag hole 10 " 

« •• back tuyeres above side tuyeres. 6 ** 

«« " *« «« tap hole 30 " 

Length of tuy er 30 " 

I>iameter of tuyer outside •...., 14 ** 

•« " interior 1| " 

Material of furuace Bed brick. 

(Coal ashes. 

Material of hearth, brasque made of i Clay. 

( Coke dust, 

A round furnace had just been finished at the time of my visit, designed accord- 
ing to the principles which gave such success to the Freiberg furnaces. Its 
dimensions were as follows : 

Height 16 feet 

Diameter at top ; 6 ** 

«• ofhearth 4 " 

Air is supplied at a pressure of 9 inches of waiter by two fans made after especial 
designs. They have the usual tapering vanes bojSL do extremely good service. 
Their dimensions are • 

IMameter 6 feet 6 inches. 

Width of blades at center of fan ; 10 " 

** ** *• circumference 6 " 

Diameter of conducting pipe. ; 10 ** 

Bevolutions per minute, maximum 1200 ** 

** u <» when regularly working 800 

Only one fan is in constant use, the other being kept in reserve. In the blast 
house the pressure is 10^ to 11 inches of water, which diminishes to 9 at the fur- 
naces. At the time of my vudt this fan supplied 5 shafts and 1 cupel fomace. 

The Charge. It has been found that a slag which is to be free from lead must 
contain at least 40 per cent of oxide of iron, and as the Mechemich ore contains 
none of this metal, its only impurity being a very small amount of copper, iron 
has to be added to the charge in some form. For this purpose puddle slag ifi 
brought from Eschweiler near Belgium, and when there is any raw ore, or much 
iinoxidized galena in the charge, a small quantity of cast-iron is also added. 

The charge is made up as follows : * 

Boasted ore 56—58 per cent lead 100 

Puddle slag 50 

liimestone 48 

Iron 2-5 203 

Ooke =. 9*9 p. c of chaxge or 20 p. o. of ore. . . 20 
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At the time wlien the charge above giyen was taken down, the works were 
compelled, for lack of sufficient number of laborers at the roasting furnaces, to 
odd raw ore, which accounts for the iron in the charge. It will be observed that 
the amount of coke used is very small, a consequence of the fusibility of roasted 
lead ore. About 35 tons of charge are smelted in 24 hours. 
^ Produds. From this operation are obtained : 
Lead containing •014—0*027 per cent silver or 4—8 ounces to tte ton. 
Matte containing 10 per cent lead. 
Slag containing 0-75—1 per cent lead. ^ 

The slag is received in iron pots 2 feet high, 16 inches in diameter at the top 
and 6 inches at the lower end. In these the matte settles to the bottom, nearly 
every block yielding 10—25 pounds. But to make this settling of the matte sure, 
it is indispensable that the pot be rapidly filled. When this system of drawing- 
off slag was first introduced, several trials were deemed unfEtvorable which failed 
only because the slag was al|owed to drop slowly into the pot, and the lowexf half 
of the contents became soli^before the upper half ran in. Perfect fluidity of tiia 
mass is necessary for the settling of the matte, and for this reason the furnace 
must be a closed one ; a form which has many advantages besides the coUectloa 
of small quantities of matte which might otherwise be lost 

DESrLVEinZ/LTION or TBI I^BAD. 

In former times three out of the five systems of desilverization by zinc were 
practiced at Mechornich and in its neighborhood. The differences, af* with aU 
these methods, were in tho method of dezincing the lead after the silver had 
been removed. These three methods will be considered in describing this and 
the following works. 

At Mecheruich the kettles hold U to 12 tons each. The zino amounts to one 
and one-twelfth per cent, of the lead and is added in 3 portions : (1) 0*75 per 
cent. ; (2) 25 per cent , (3) 083 per cent. On 11 tons this is 166 55 and 
18i pounds ; total 238| pounds. The zinc alloy is ladled into moulds and the 
pigs are heatt^d in a tube slightly inolioed. By raising the temperature gradually 
a good deal of the lead runs out, leaving an alloy much richer in silver. Toward 
the end of the operation the alloy is stirred with a rod uutil it becomes quite 
*< dry," and has the form of lumps or shot It is then melted and cast Its silver 
now amounts to 1*5 to 2*5 percent, but much richer alloy is sometimes ob* 
taiDcd. 

The lead which runs from this tube ooQt<iios 0*012— 020 per cent silver and 
passes again through the process of desilveriz ition. 

Treatment of the rich dUoy, These works long retained the old method, rejected 
everywhere el'ne, of fusing the rich alloy with puddle slag to remove the zino. 
The fusion of silver at a high temperature io the presence of zinosh ulrl, accord- 
ing to all laws of metallurgy, be an opera* ion attended with considerable loss, 
and great care was taken to make this as siuali as possible. 

Tiie furnace was 10 feet high and 2i Uet square, aod had 3 tuyere«). li wis first 
started with puddle slag alone, and* when this was flowing freely, the alloy was 
' charged. 

To 100 of alloy 90 parts of puddle slag were added and smelted with 17—18 
ooke. The pressure of the blast must not be more than 6 inches of Wjiter. 



Digitized by VjOOQ IC 



84 KEGHEBmCH. 

Abont 7,790 poaticlfi of this mixture were BmeUed in Sibonrs, and the loss ie Sftid 
to have been not mere than 1 per cent of lead at tbe outside. 

The poor lead is de-zinced in a similar manner. It is charged with puddle 
slag in tbe proportion of 100 lead, 4 to 5 paddle slag, and 3 to 4 coke. It i» then 
poled and oast. It is very pare, as the iollowing analysis by Mr. £ibbhhut, 
ehemist to tbe Company, shows : 

Silver 000025 

Copper 00025 

Antimony..... 0O060 

Iron 0-0030 

Zinc traee. 

Nickel 0021 

Lead by difference 99*98715 

100 

THE NBW PB00E88. 

"Within three years the method of de-zincing by steam has been iatrodaced at 
Mecheinioh. AVhen the third alloy has been taken off, steam is introduced for 
two hours, the lead being kept at a red beat, and cover«>d with a oloHe hood. 
Then the hood is opened to allow the air to euter and the pa^saflie of steam is 
continued one hour, to remove the antimony. The new metbod produces more 
aicraps but saves in labor. Its chief advantnges, however, are the more perfect 
removal of antimony and the complete removal of the nickel, which by tbe 
Mialysis last given is seen to be present in small quantity. What alteration tbe 
change has had upon the quality of the lead is to be seen from the following 
averagA of two analyses, made by Mr. Eicosnhut upon lead produced by the steaa 
process : 

Silver .* 0-00052 

Copper 0-00175 

Antimony 000405 

Iron , 00ii64 

Lead by difference 99 99304 • ^ 

lOO' 
The rich lead, now freed* of its zinc, is poled for one hour in a kettle, and 
cupelled in an EnpliRh farnace, having tbe ordinal y elliptical test, with axea of 
8 and 4 lest. The run lasts 5. to 6 days. 13,000 pounds weight -of lead is cupelled, 
and the 'button of silver weighs about 150 pounds. The tuyere is a pipe 2 
inches high and 6 inches wide, the blast parsing through a zinc pipe 3 — 4 inches 
in diameter. It is the f'xperience of many works, that a large tuyere of this 
kind makes poorer litharge than one with a narrower orifice. 

Treatment of the Matte. Matte amounting to about 2 per cent, of the ore's 
weight is obtained from tbe iusion of the ore. It is roasted and smelted with 
lead scraps to second quality lead. This contains more antimony than the first 
lead, but still considerably less than one percent though sufficient to give it a 
silvery whiteness. It is partly made up into shot, an old shaft in the mine 
serving for a shot tower, and the shot being made on £n,jlish and American 
aoooont. 
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THE COMMERN WORKS. 
MeRRTR. PiBATH & JuNQ httve a similar establishmtsnt in Oommern near Mech- 
eroicii, aud treat ore from the same saudstoi^e layer. Tbeir mine, however, 
(iroduces Iasb galena in proportion to the lead oarbooate than the other, and 
they r'onBfqaeutly have le^s unaltered galena in the ro isted ore. Tue record .•!' 
two of tbeir rocstmg turnaces for three weeks is miere-itiug : f 

Furnace No. L Furnace No. IL 

Coal lbs. Ore lbs. Coal lbs. Orn Ib^. 

Augast? 28 400 180.500 32.200 186 500 

" U 30 400 176,000 31.800 188 750 

•• ai 29,400 190,000 80,200 203.000 



88 200 546 500 94,230 578.250 

Total ore roasted \ 1.124,750 Ibo. 

•• coal consumed ."•. 182.400 *♦ 

This amounts to a consumption ot 16*21 pni cent, of coal, aad a daily product 
of 53,580 pounds Irom two tuinaoeN. TUere are no aualyse't of the rousted ore 
at hand but its composition is pretty nearly : siiioa35, lead oxide 55. clay, iron« 
sulphur, copper and antimony, 10. Liinentone is sometimes added in roasting { 
but otily where there in too litthi lead present. 
The lurnaces have the following dimensiouH : 

Height 14 feet 

Section 4yi 

Tuyeres 4 

« height above tap 17 inche)» 

The material is red brick and the oampai{;;n usually last 3 to 4 monibs. TIm 
oharge is composed of 

Roasted ore 44,000 pounds. 

Unroasted ore 9.900 " 

Limestone 18,900 •* 

Puddle slag 27.500 «• 

Coke 11-12 per cent 11,660—12 6fi0 

The amount reported to be paHsed throngii these furuaceR dai!y is enormous ; 
amounting to 132.000—143,000 poundf>, and if the Mechemich works with the 
same ore and the same furnaces smelt ,on)y 38i tons tn 24 hourK with 10 pt>r 
cent of coke, it is hardly possible that the Oommern Wv)rkR put throu<h 66 to 71 
tous with 11 to 12 per cent of fuel. The latter quHntiiifS aie luliy equal to the 
largest charges tUe much lari^er furnaces of Freiberg have run through, whea 
the charge consisted almost entirely of tusible slag. 

Each furnace at Oommern produces 27,500— 28.600 pounds of lead daily. 
TtiCHlagiR reported to contain 0*3—0*4 percent had. and the lead about 6 
ounces to the ton. 

Id the method of desilveri^tien (before the introduction of the steam pro* 
Of>BH) there were some diffetences from that pursued at Mechernich. Alter 
tcelting in the kettle the lead was first poled to remove all impurities. Poling 
consists in plunging a stick of green wood in the melted metal, which is hot 
enough to char L rapidly. It gives out a gre it quantity of gafl, partly composed 
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of steam from the large amoant of water oontained in green wood and partly 
earbaretted compounds reenlting from the decomposition of the fibre. The 
escape of tliese gases throws the bath into yiolent ebullition and eyery part of 
the metal is brought to the surface, where the lighter alloys of iron and copper 
with zinc remain. As at the neighboring works 1*08 per cent of zinc is added 
in three operations, but the amounts are yariedy beings Ist 0*66 per cent, 2nd. 
e 84 per cent., M. O-OSS per cent 

The chief point of diffdience is in the treatment of the poor lead, in order to 
free it from zinc, the old method^ suggested when the zinc process was first in* 
y&nted, being in use. The lead is melted in a reyerberatory furnace under a 
layer of pool, on which is a layer composed of salt 2 parts, sand 1 part and lime 
1 part The furnace holds 22,000 pounds lead, which it is treated for 8 to 9 
bours fmd the product is ** best selected" lead, the puiity of which is sufficiently 
proyed by the following analysis made at Glausthal in 1869 : 

Silyer 0023 

Copper 0034 

Antimony 0081 

Iron -.. 0-0013 

Iidtid by difference 99 -9849 

100 
THE WOKKS AT CALL. 

The works at Call' were established for the purpose of working oyer old slag, 
left by the Bomaus, or some less aucient people, and this material is still 
treated, but the bulk of the the lead is made from purchased ores. The latter 
are obtained in Westphalia and also at Sfcolberg. They are mixed vrith brown 
Bpar, copper pyrites, and zinc blende ; the lead contains about one-half per cent 
of antimony. Of silver the lead contains about 0025 per cent or 7*3 ounces 
per ton. 

A*< at Mechernlch the ore is first roasted ; the furnace being 45 feet long and 
7 feet wide with double sole, which gives 90 feet of hearth lengtb. This furnace 
w U hold about 88.000 pounds of ore, which is charged every 6 hours in ponts of 
8,<300 pounds. Four posts are drawn daily so that 13,200 pounds or 6i tons are 
roasted daily. Like the Mechernlch furnaces there is a deep hearth next the 
fireplace where the roasted ore is melted, and the furnace is tapped every 12 
hours. From these figures it will be seen that the ore remains fi-om 6 to 7 days 
in the furnace. 

The blast furnaces at Call are remarkable in these days for having but one 
tuyere. They are 19 feet high, 4 feet from front to back and 3 feet wide. The 
top is olofled by a hopper built of brick and lined with cement This hopper is 
large enough to contain one charge. Jt is closed by a slide which, being pulled 
out, lets down the charge. The hearth is narrowed a Hi tie to prevent the for- 
mation of sows. About 16i toos of char^^e are smelted in 24 hours. The blast 
is by fans and the pressure 8 inches of water. Another fmrnace is square and 
has 3 tuyeres. 

8. Preuss Zeiiechiift, 1868, p. 266. 
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nPAI^TIOK or SILVXB. 

The leAd which on an ayerage eontaioB 250 giammes silver in lOOOldlograma, or 
a little more than 7 cances to the ton, is melted in kettles of 7 feet diameter and 
22 inches depth, holding abont 25,000 ponnds. The dross is taken off, the lead 
heated nntil zinc melts readily on it, when 198 ponnds of zinc is added, 
stirred for half an hoar and the whole suffered to cool nntil the sine solidifies on 
the surface, when it is taken off. This zinc orust is at first aiiout 3 lines thick 
but the removal of the surface lead is continued until the lead begins to crystal- 
lize which, it has been found, takes plaoe when about 2 inches of the bath have 
been removed. 

The first charge of zinc having been taken off the kettle in filled up with 
liqnated lead, (see below) 68*2 pounds of zinc are added, aud after a repetition ol 
the above process a third charge of 88*5 lbs. is put in. By these three charges 
304*7 pounds of zinc have been added or close on 14 pur cent, and the silver leit 
in the kettle is reduced to -00055 per cent, or '16 of an ounce. The source from 
which this liquated lead is obtained will be seen below. 

The lead originally contained about 0*15 per cent of antimony and 0*2 per 
cent of copper. It now has nearly all the antimony concentrated in the re- 
maining lead, but is nearly free from copper, which has followed the silver in 
uniting with the zina 

To remove the zinc a method was formerly employed which was the invention 
of Mr. HxBBST, one of the proprietors of the works. It is to this gentleman that 
metallurgists owe the re-introduction of the zinc process after it had lain many 
years neglected. His improvements and perseverance established the proocbs 
on a successful basis for the first time, and the remarkable advances made in this 
metho^t aariug the last ten yf^ars had the following process for a starting point, 
though it has since been abandoned in nearly every works. 

The lead containing zinc was heated to a dark red and covered with an inti- 
mate mixture of 110 pounds salt and 320 pounds lead sulphavC. For lead con- 
taining 0*6 percent, of zinc, about 330 pounds of thiS mixture was ctiarged to 
each kt ttle. Soda sulphate and zinc chloride were formed, but the larger part 
of the zinc must have been removed as zinc oxide. For 24*750 lbs. lead at 0*6 p^ 
coputain 1485 pounds of zinc, requiring 163 pounds of ctMorine to make ZaOl. 
But the 110 pounds of salt charged contain only 77 pounds of chlorine, very 
much of which remains as sodium chloride. The '* salt slag" remaining oon- 
binted of unaltered sodium chloride, lead sulphate, mingflBd with ziac oxychlo- 
ride, soda sulphate and metallio lot A, After twenty-four hours the zinc was all 
removed. 

The lead now contained no impunty but antimony, and it was with a view to 
the removal of this troublesome in.redient that the peculiar kettles used at Call 
(and I believe no where else) were designed. 

Antimony cannot be removed by steam, but requires for its oxidation the slow 
action of air upon the heated lead. When steam is used for the removal of this 
metal, as at Mechemich and many other works, it acts merely as a mechanical 
stirrer of the lead, throwing it up aud changing its surfar^e constantly, so that 
every particle is brought in contact with the air. 
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At Call after poling tbe lead for half an hmt it is Icept a loog time, u>^na]ly 48» 
iolnetimes 72 horns at a r0d heat^ and ooyered by a layer of lime w:Lioh preTf uts 
the volatilization of tbe lead, bnt does not binder the access of the air. Lead 
botatainidg up to one per cent of antimony can be softened in this way ; that at 
Call sometimes reaches one-half per o^nt. 

The complete remoyal of the antimony is ascertained by casting a small Udle- 
fnl of the lead in a scorifler or assaying orncibl<». So long as this contracts in 
Cooling leaving a crystalline star in the centre, antimony is indicated. Bat 
when there is merely a depression in the centre of the bntton, with no star, the 
process is known to be finished. 

From these operations resnlts a metal of great parity as the following analysis 
shows : 

Silver 00005 

Copper 0-0004 

Aniimony 0008 

Iron 0-0019 

Bisniuth 0023 

Thulium 00003 

Lead. 99-9938 

Iloo 

BSEMOtAIi or Ztmc SY AdO. 

The manngement of tbe feino all'^y is peculiar. The tlloy produced by the 
second and third charges of zinc is kept separate from that obtained from tbe 
first addition of zinc. The former is very much adulterated with lu^d. It is 
melted in a k«^t le, the alloy rising to the top, while a ** liquated lead " contain* 
ing about 3-5 ounces iii I ver to th« ton rem uins under it. The temp«-rAture is 
raised nearly to bright red, at which tbe overlying layer of alloy oxiiliz-:H. When 
this oiidHtiou is com]jlete, the lead is drawn off by a spout, leaving the oxides 
wiin nearly aU tbe silver beh nd. Tbe lead goes back to the second and ihird 
t^ditionH of zinc as before said. 

Tbe oxides are mixed with about one-half tveir weight of chlorhy^rio acid, at 
first in the cold and afterwards the soluiion is completed at a low heKt. Wlien 
this operation is finished the liquid is evaporated an til it becumes tbi'ck, a siga 
that all the water is removed. Toen the alloy resalting from the firrit charge of 
zinc IB added. In this tbe lead and zinc are still in the metallic st^te and a 
reaction sets in ; the zinc is all Converted into chlorida an'd the lead and silvet 
mostly to metal. This process takes 24 hours. 

Hy tbiH jneuns a rich lead containing 15 to 2 per cent, of silver is obtained 
Vliich is cupelled. The method has tbe ndviintage Oi 'superseding the dezmciug 
n\' tbe al'ioy by steam, an operation not free from hazard, and one that is always 
t» dis'urbing element in the Zinc process. 

The residue contains from 20 to 55 per cent of lead chloride, the remainder 
'l>ein<{ zinc chloride with 37—25 ounces to tbe ton. We have Heen that the zinc 
^n tbe 2ud and 3d altovs was tVan^formed into zinc chloride by tr'*atment with 
lead sulphate and somum chloride at a high heat ; the resalt was soda sulphate 
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and ziDo chloride. Precisely the opposite reftotion is now produced by mixing 
these residues oontdialng lead chloride, with *'8alt slag" obtained in de-sinoing 
the poor lead, and ireatiog them with water acidified with chlorhydrio acid. 

This acid changes the sine oxychloride to neatral zinc chloride, which is 
Boloble. €k)ppor chloride and silver ohioride are also dissolved, the latter in 
consequence of the other chlorides in solation. Bat the lead chloride is trans- 
formed to insolnble lead sulphate by reaction with the soda sulphate. We have 
then the original mixture of salt and lead sulphate restored. After settling, the 
liquor is run to a vat containing copper where tho silver is deposited, and to an- 
other containing iron where the copper falls down. 

By these separations the liquor now contains nothing but zino chloride, and 
iron sub-chloride. The addition of chlorino transforms the latter to per<-<^orida, 
which is prr^cipitated by lime. The remaining solution of zino ohioride is heated 
and the zino preoipitatod as oxide by pure lime, super-saturation beiug carefully 
avoided. The zinc oxide is finally distilled to metallic zinc. 

This process is an excellent ezimple of a simple method of treating the rich 
alloy by acids, a treatment which in mmy places is forbidden by the high price 
of chlorhydrio acid. It does not appear that the acid is particularly cheap at 
Gall, jj^ut the imall percentage of silver in the lead, and the consequently small 
amount of alloy to be treated, gives the aoid method advantoges over the treat- 
mont by fusion with slag, or by steam. The silver is obtained more quicklj 
than would be the case if the rich alloy had ta be accumulated uutil enough wan 
at hand to fill a kettle, say 15,000—20,000 pounds ; or to support a campaign in 
th« furnace, which would require even more. Thirty centners or 6.600 pounds 
suffices for the treatment with acid. It is to be remarked, too, that the shallow 
and extremely wide kettles, in use at this place, may not be well adapted to the 
use of steam ; though that question is still unanswered, as I believe steam has 
not been applied to kettles like them. Those recommended by CoRDtjBi^ are 
very deep and of small diameter ; while those *n the Hartz aro 2 feet lOi inches 
deep and 6 feet 6i inches in diameter, and this is about tii&e siz-d of tbe old 
Pattinson kettles in most works, which have been used without alteratioo for the 
zinc process. 

But the proces«i described above is no longer in use at Oall. Mr. Hekbst has 
invented another which he keeps secret, unwilling to give his disc >very gratni* 
tons circulation and dissatisfied with the Prussian patent laws, which he thinks 
have not aiven him protection enough. His new method is said to be cheapec 
than any other yet introduced. 
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GOLD AND SILVER WORKS AT LEND. 



The (1) treatment of ores containing gold and silyer, hj fdsion with lead is one 
of the common operations of metallurgista A very small establishment of this 
kind, bat in many respects characteristic of the general European practice is 
firand at Lend, in Austria. This place lies in the Salzburg Alps, and receives its 
ore from the mines at Bauris and Boeckstein. The former lying 8200 feet above 
^e sea is said to be the highest mine in Europe, some of its openings being 
madtt in glacier ice. 

The ore dififers in no way but extreme poverty from countless mines in the ' 
West It consists of gneiss, quartz, chlorite and clay slate ; containing iron 
pyritcjs, copper pyrites, arsenical pyrites, galena, blende, and stilbite or sulphuret 
of antimony. The gold is found in two states : free gold and gold alloye^ with 
silver. This alloy, yi 1866 was composed on the average, of 15 '33 gold and 84*67 
silver, which gives a specific gravity of 11*28. Mercury has a specific gravity of 
13*6, and as the amalgamation of gold by the Austrian method, is looked upon as 
a proceeding entirely mechanical, the separation being effected solely by the su- 
perior gravity of the gold over mercury ; this alloy which is lighter than mer- 
cury cannot be amalgamated (2). Such is the lesson of long practice, the free or 
fine gold bein » extracted fix)m a part of the ore, at least, by amalgamation while 
the tailings are smelted to obtain the alloy. The following table will show the 
proportion of fine to alloyed gold and also exhibit the extreme poverty of the ore. 
To the Baurls and Boeckstein o;res are added those from Zell in the same part of 
the Alps. The ore from the last named place is not now worked, the point of 
poverty having apparently been reached at which the auriferous rock ceases to 

bd an Oft, 

Bauds Boeckstein ZeU 

In 2000 lbs. In 2000 lbs. In 2000 lbs. 

Troy ounces. Troy ounces. Troy ounces. 

Pine Oold 32— 0*48 0-098— 0-113 O-OJM)— 0-097 

Auriferous Silver. 14 -0— 140 6«700— 6*600 imimportant 

Iron pyrites, copper py- 1 

rites, galena J 8 per cent 4i per cent imimportant 

Value of Silver and Grold f 

in American coin J $13.49— $16.92 $5.91— $8.49 $1.86-$2.00 

As in 1866 Boeckstein deliveied 63 per cent of the ore smelted at the works 
and Bauris 37 per cent ; the average value for that year was $10*28 or 0*0009 

1. This paper is mainly repriitAd from one read before the Institute of Mining En- 
gineers May 22, 1872. For the information contained in it, I am indebted to Dr. Lio 
TuBNEB, former director of the works, no^ at Brixioggr in the Tyrol. 

2. Bee Bittinger, ** Auf bereitung" page 469 ; Ed. 1867. 
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per cent gold and 0*017 silver. This does not include the yalue of the copper 
and lead which form respectively 2 per cent, and 1 per cent, of the ore. The 
former is extracted, the latter is not sufficient to supply the waste of the process 
and lead has to be bought for the works. Even in Europe these ores are con- 
sidered extremely poor. 1 am not aware that ores from veins as poor as these 
have ever been utilized in this country, but if they have they owe their value to 
the fact that the gold is all fine and can be amalgamated. 

TEBiLTMENT OF THE OBB. 

The ore is first sorted to six varieties for the furnace and one for amalgamation. 
The former are quartzose ore, rich, medium and poor, compact pyrites, galena 
and antimonial ores (1). 

The quartzose ore consists mostly of quartz with which are gneiss and chlorite * 
it contains iron pyrites, arsenical pyrites, blende, copper pyrites, and a very little 
galena. Its value in gold and silver is 400 — ^2210 grammes to the ton, or 12 to 7(t 
oz. Of this alloy from 10 to 30 per cent, is gold. This ore gives 20-25 per eent 
of raw matte. 

Compact pyrites is composed of iron oxide, arsenical pyrites, and coi^>er 
pyrites, and these are often accompanied by magnetite, when it is usually richer. 
It is nearly free from gangue. Its content varies between 80 and 400 grammes 
of gold and silver to the ton ; or 2*5—12 ounces. The gold forms about 25 per 
cent, of the alloy 

Glaserz, is a name given to a mixture of quartz and gneiss with disseminated 
pyrargyrite ; silver and antimony sulphide ; antimony glance and galena. Its 
content varies very much, usually between 800 and 2000 grammes, or 26—60 
ounces, to the ton, of which 25 per cent is gold. Most of this comes from 
Boeckstein. 

Glance ore, or fine leaved galena, with 4000 or 5000 grammes, or 140—160 
ounces of silver, almost without gold, to the ton. 

The Olaserz occurs oftenest in quartz ; copper pyrites and occasionally pea- 
cock ore, in chlorite gneiss ; blende, iron pyrites and arsenical pyrites in quarts 
and gneiss. 

The mill slimes are of three qualities, ; 1 and 2 are nearly pure pyrites, having 
been concentrated in milling, and giving 50 — 60 per cent of matte. One con- 
tains 500—1500 grammes of alloy, of which 7—14 per cent, is gold ; two contains 
22—75 grammes alloy of which 2*5 — 4 per cent is gold ; three is the poorest 
slime from the shaking table. It gives 25—30 per cent of matte, and contains 
300—1000 grammes or 10-40 ounces of alloy, of which 9—18 per cent is gold. 
It is used as a siliceous fiux. Only the poorest ore containing merely traces of 
pyrites is sent to amalgamation ; which is done because it there undergoes con- 
centration. 

The ore for amalgamation is stamped under stamps of 220 pounds weight (total) 
through sieves of 1.6 mm. (0 06 inch), the stamp chest 'having a sieve on each 

1 A fnll suite of these ores with the fdmace products at Lend can be teen at the 
School of Mines in New York. 
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Bide to secure the most rapid discharge of the slime possible. Two methods of 
treatment are employed for the slimes : —1. They are first concentrated and then 
amalgamated ; or, 2. They are f rst amalgamated aud then concentrated. With 





Figure 7»—The Atutrian Gold MilL 

ore that contains much pyrites the former is best with ores very poor in vntea, 
the latter. 
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AmaigainaiUm takes pla6e inpam^ there eaUed * 'mills," an iUuatration of 
which is given in figure 7. 

In this figure a is the pan» 2 the ronner, e the arms, three in number, by which 
the runner is fastened to the apindle, « is a brac'e which both stiffens the anuB 6, 
and also transmits the movement of the spindle to the arms. The spindle is 
made square at this point, and the aperture in the brace being also square^ the 
brace^ arms and runner are cartied round by the revolution of the spindle. Dis- 
charge takes place at e, ^ spout of sheet iron d being rivetted to the cast-iron 
|>an. The adjusting apffiratus consists of the thumb-screw m. It is to be re- 
marked that the spindle ends at n, the end being hollowed out to receive the end 
of the thumb-screw. This screw works in a thread, cut to receive it, in the top 
of ike arms e. The spiudle itself rests on the beam p, and cannot move up or 
down. When the thumbscrew m is turned, its bearing on the top of the spindle 
remains constant, but the arms and consequently the runner are raised or 
lowered. 

The pan is made of east4ron, and as it suffers little wear can be made very 
light The arms, which, being three in number, form a tripod, are made of 
light bar iron, of about Ik inches in width, and i inch in thickness. The runner 
is of wood, having the shape of the mill, and hollowed out on top so as to form 
a hopper. It is bolted to the tripod, bound with ordinary hoop iron, and a 
number of short pieces of sheet-iron are driven into its lower surrace. These 
** wings" are from 2k to 3 inches long and | inch wide, and act like the vanes in 
a fan blower, or rotary pump ; that is, they force the pulp to partake of the ro- 
tary motion and drive it out of the machine. Twenty to thirty wings are placed 
radially in each runner, in such a manner as to break joints^ from the center to 
the circumfert nee. Those which work over the slanting part of the pan are made 
only one-half inch wide, in order to allow the wings placed over the merouiy, 
freedom of motion. Other methods of gearing are also employed and pans are 
usually wider at the bottom than the figure represents. In this pan the interior 
of the bottom, where the mercury is placed, is ouly 9 inches in diameter ; usual- 
ly 16 inches in the width. As the center is taken up by the aperture through 
which the spindle passes, the real width of the annular space, filled with mer- 
cury, is in this pan only 3 inehes, and in tiie ordinary pan 6^ inches. In both 
cases the diameter at the top is 24 inches, height 9 inches and the thickness 
i-3-16 inch. 

When pulp is poured into the runner, it passes through the center opening or 
eye, down to the mercury, where the action of the wings g^ves it a rotary motion, 
and at the same time carries it toward tdie circumference. These wings should 
revolve just above the mercury, but not in contact with it. By this means, every 
particle of the pulp passes part or all the way round the pan before it is discharged, 
and its path over the mercury is therefore longer. It does this with the least 
possible turbulence, and the gold particles have opportunity to reach the mer- 
cury, where, sinking in lixat fluid, they are safe fh>m liability to be carried oSda 
the stream. 

Succefisfnl work depends upon the thickness of the pulp and the speed given 
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the ninner, and one of the adyantages of this mill is the readiness with which its 
work can do altered to snit any kind or condition of ore. 

OandiHon of the Pulp.-^Thia depends upon two things, density and fineness. 
A concentrated ore has a much higher speciftc gravity than undressed ore, be- 
cause the lighter minerals, quartz, etc., have been removed. The difference be- 
tween its gravity and that of gold is therefore less, and we must take care, 1st to 
have the slime so thin that the gold particles will have easy movement through 
it ; and 2nd that the motion of the runner shall be fast enough to keep the heavy 
material which it has to carry along, from settling on the sur&ce of the mercury. 
Experience has proved that with undressed ore containing not more than 10 per 
cent, of heavy mineral (pyrites, etc.,) to 90 per cent, of ganguc, the runner should 
make from 12 to 15 revolutions per minute ; from one-half tO one cubic foot of 
pulp may be passed every minute ; and finally this pulp must be of such a thick- 
ness that not more than 125 pounds of ore shall pass through the the mill in one 
hour. 

When the ore has been concentrated the conditions are quite different The 
runner is revolved at the rate of 20 to 30 times a minute, and the pulp must be 
thinned so that not more than 13 to 15 pounds of ore pass through the mill hour- 
ly. The amount of pulp however must be kept up to a half or one cubic foot a 
minute. 

H the pulp is too coarse it hangs back in the mill and chokes it, if it is too fine 
the gold does not settie. Good stamp work answers well. It is not well to 
sufier pulp to dry and then wet it to run through the milL Experience proves 
that the extraction is not so good under such circumstances, probably because 
the particles of gold have air adhering to them which lessens their gravity. 

Two or three miUs are usually placed one after the other. With these, of the 
whole amount of gold extracted from a pulp rich in galena and therelore not 
fitvorable to amalgamation. 

The first extracted 65 per cent 

Thesecond * 25 ** 

The third 10 •• 

With a sandv pulp which contained littie heavy mineral the result was : 

The first extracted 74 per cent 

Thesecond 20 «• 

Thethird 6 " 

One mill, or one set of 2 or 3 mills, will pass firom 2,250 to 3,000 pounds of 
undressed pulp in 24 hours. Of dressed ore it will pass through about as much 
as would correspond to that quantity of unconcentrated pulp. When the ore 
contains 10 per cent of heavy minerals there is no gain in previous concentration, 
while the extraction is better with undressed pulp. 

In this apparatus loss of mercury is reduced to a minimum. With two rows 
of pans the loss for 100,000 pounds of 

pulp rich in heavy mineral was 1*6 to 2 pounds 

"poor •* ** ** 1 to 1*5 pounds 

In the first case it was therefore about one-half ounce to one ton ; in the second 
one-third oimces. Clayey ores and those containing antimony increase this loss. 
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The yield can be increased by ooncentratiiig the amalgamated palp, and re- 
passing the tailings nnder the conditions necessary in working concentrated 
pulp. By this means from 20 to 30 per cent, of the lost mercury is recovered, 
while about the same amount of the amalgamable gold is also won. The first 
operation extracts about 70 per cent. 

The power necessary to run one mill is about one ttowil^flUh of a horse power. 
A twelve pan apparatus costs in Austria about $250. 

Compared with the Colorado methods, these mills extract 20 per cent more 
than the Colorado amalgators, though this yield necessarily depends upon the 
per oentage of silver in the native gold. They require little watching, except 
when used immediately after the stamps, when the aocumuiatlon of gold might 
necessitate cleaning up every two or three days. 

Smdting, — For four years the ores delivered for fusion were in the following 
propoitions : — 

From Bauris. From Boeckstein« 

Quartzose ore 6.50 24.11 

Compact pyrites 0,06 0.48 

Sulphuret of Antimony 1.41 0.41 

Slime from Amalgamation 29.03 38.00 

37.00 63.00 

About 60 per cent, of the ore has therefore been amalgamated. As this was done 
because the ore was too poor to smelt we may gain an idea of the extreme pover- 
ty of the original ore. 

From the table of values before given, it is evident that 70—75 per cent, of the 
ore is worthless rock, and this must be removed before adding lead, which would 
suffer serious loss if charged with so nm jh quartz. The operations are therelore 
as follows : — 

1. Fusion for raw matte. 

2. Boasting of raw matte in stalls. 

3. Fusion (without lead) for a more concentrated matte. 

4. Roasting of 2nd matte in stalls. 

5. Fusion with lead. 

6. Cupellation of rich lead. 

The First j^o^ion.— Eleven years experience has proved that the most efficient 
slag is one approaching the composition of a bisilicate. The foUowiug is an 
analysis of an average slag from the first fusion : — 

SiUca 51.02 

Alumina 2 16 

Oxide of Iron 19. 75 

Lime 15.40 

Magnesia 8.57 

As. Mn. Ca 

Zn. S. bydif. 3.10 

100,000 
The fomaoe is not new and contains none of the late improvements ; but it 
does good service. Its general dimensions are as follows : — 
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Height 24 feet 

Diametor of hearth 3 ** 

•• boshes 4 •• 

•* throat 2 •• 

Number of tuyeres 2 ** 

Pressure of blast i — i in. of mercury. 

From 100 to 120 bushels of charcoal are required to warm the fizmaoe, and 
then regular charges of 5 cubic feet, or about 3 bushels are thrown in. In blow- 
ing in, the quantity of mixed ore and flux added to this quantity of charcoal is, at 
first 56 pounds, then 112 pounds, and finally when the furnace is thoroughly hot^ 
203 pouuds, which is the constant burden of mine to three bushels of charcoal. 
This is usually reached in the first 24 hours. Four hours after the first charge 
of ore and flux the blast is turned on, at first with a pressure of i in., and then i 
in. mercury ; or one-sixth and one-qua^rter pounds pressure. After eight hours 
the slag begins to flow. The furnace is worked with a black throat. Tho 
labor per ton of ore and flux amounts to 1.8 days. 

2he First Mailer fbrms 40 to 45 per cent, of the charge, the difference between 
this pioportion and the 20 to 30 per cent, afforded by the ore being made up by 
roasted matte which forms a part of the charge. Its average composition is : — 

Iron 55.1 

Copper 4.3 

Zinc . . 3. 7 

Lead 2.1 

Nickel, Cobalt, Arsenic and Antimony. . . 4 5 

Sulphur. 27.9 

97 6 
It contains 30 to 40 ounces Troy of auriferous silver to 2,000 pounds ; or in 
American valuation $100 to $150 in coin. From the fact that the ore is un- 
roasted, and the metals are therefore so well '* covered" by sulphnr, the loss in 
this opoiation amounts to only one-quarter of one per cent About 38 bushels 
of charcoal are used to the ton of charge, and 9.75 tons are smelted in 24 hours. 

The Second Fusion. — The first matte is roasted three times in stalls containing 
28 tons, the roasting not being thorough, but carried only so far as to leave about 
40 per cont. of uuroasted matte. It is then resmelted- with quartz, and to avoid 
the use of too much of the latter, a basic slag is made containing about 22 per 
cent silica. This requires very great care in managing the furnace, for the least 
irregularity will cause the formation of sows. To secure proper working, when- 
ever the furnace is tapped, the hearth is. examined by means of a bent bar. If 
lumps are felt the front wall is broken out, and tbey are removed ; if ihe sole is 
Blippery the presence of reduced iron is indicated. A rough, hard, even sole, is 
the proper one. 

The pressure of blast is now reduced to one-sixth of an inch or one-twelth of a 
pound to the square inch ; the hearth is 10 to 12 inches larger in diameter than 
before, and the charge is increased to 222 pounds to 3 bushels of charcoal. 
These changes have for their object not only the prevention of iron sows but also 
of speise, a compound of arsenic with all the other me'als, very difficult to utilizer 



Digitized by VjOOQ IC 



Speise is lighter than matte, and in the basin lies next above it. That at Lend 
contains a great deal of gold, and experiments made a low years ago to recover 
this met.il by roasting and fdsion with lead were not successful, tbough the speise 
was roasted in 8 to 12 fires and smelted with twice its weight of lead. It was found 
nearly impossible to oxidize all the speise and the unroasted part retained ittc 
gold witb stubbornness. The same precautions are used in blowing in as before. 
About 30 bushels of charcoal are used to the ton of ore and flux, and 13.5 ton^ 
are fused in 24 hours. The second matte, contains 50 to 60 ounces of auriferous 
silver to 2,000 pounds, worth about $200. 

Fusion with Lead, —The second matte is roasted as before, but now 50 to 60 per 
cent of raw matte is left A stronger roasting would so eurich it that two 
fusions with lead instead of one, would be necessary. The slag is again basic 
and, to keep the heat as low as possible, the pressure of blast is reduced to one 
jind one-half liues of mercury, while the charge is increasCvl to 277 p(»unds of 
matte and flux to 3 bushels of charcoal. In order to keep the lead in contact 
with the matte as long as possible, as well as to decrease the J^eat, the crucible is 
made a foot deeper than before. The new slag has au average composition of 

SiUca 27.45 

Oxide of Iron ; 56.62 

Lime 10.19 

Magnesia 3.48 

Alumina 1.25 

The loss will not exceed 2.5 per cent of the lead. When the hearth is full of 
melted matte and lead, it is tapped, the products running into a basin where they 
are well stirred with poles. The matte is then partially taken off, the lead re- 
maining until 600 to 700 pounds has collected. 

For a perfect extraction of the silver, it is necessary to charge 120 to 130 
pounds of lead for each pound of silver and gold, and the matte must not con- 
tain more than 20 per cent copper. With this proportion, 75 per cent of the 
silver and gold are extracted in one operation, and the matte ought not to con- 
tain more than 0.75 per cent of lead. The extraction of 75 per cent of aurifer- 
ous silver, means that 90 per cent of the gold and 73 per cent of the silver has 
been obt lined. The absolute loss of these metals is but 0. 10 of one per cent 
From 14 to 16 tons are smelted in 24 hours. A certain amount of lead matte is 
obtained which is charged back in the same operation. Of charcoal, 28 bushels 
to the ton are used. If the matte is rich enough, it now undergoes a repetition 
of this operation, but usually it is so poor that it is treated immediately for cop- 
per. If, however, it contains less than 35 per cent of copper, it is roasted and 
charged as a flux, in the first operation for raw matte. At Lend the conditions 
are such that this takes place every other year, copper being made one year and 
matte the next The labof amounts to 0.46 days per ton of matte and flux, and 
the loss of lead is about 18 pounds to the ton of matte. 

OupelUUion is performed in a German furnace witli a moveable hood, made very 
low. Inasmuch as none of the side products are sold, and there is no need of 
having them in great purity, there is beside the Are bridge, but one opening in 
the hearth, through which abzug, abstrich, littuirge and smoke all escape. From 
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0»000 to 7,000 potmdg of lead are fizsi charged, and more is gradually added until 
about 21,000 pounds (or the entire make for the year) has been melted. The 
blast is slow, and the litharge consequently flows rather cold. Befining follows 
the brightening of the silver, and metal of 985 fineness is produced. Usually 
the loss of lead iiEklls between 5 and 6 per cent., while that of silver and gold 
seldom reaches 0.10 per cent About 3 tons are cupelled in 24 hours, and the 
labor is 0.24 days per ton. 

TABLES OF THE OPEBATIONa 
The following tables will give at a glance aU the foregoing particulars. The 
first two operations are combined in one table, and instead of calculating the ex- 
pense of charcoal upon the quantity of material treated in each operation, that 
and the amount of labor will be calculated upon the ton of ore. This is done in 
order to ascertain how much labor and fuel are necessary to treat a ton of ore by 
the Lend process. The amount of ore is taken at 109 tons since there was 21 
tons of matte remaining from the previous year which was smelted with the ore. 

TABLE or THX IST AND 2in> FUSIONS, 1866. 

Weight Ounces Ounces p. e, of 

Uarge Tons, of Gold, of Silver, Copper. 

Ore 81 15 21 0094 1 333 4058 

Matte and Bich Scraps 8961 19*2918 2216-6400 

Fi- l^o^o^skaa-;::;::::^ 

Total 229-05 40-3012 3550*0464 

Products. 

First Matte 61-38 18-7193 1612-7324 6 

Second Matte 30-87 20-4769 1806 7302 10 

Scraps 10-25 -6824 95-0922 

Total 39.8776 3514-5548 

Labor 39 twelve hour shifts ; 5 men to each sbift =- 195 days. 
. Charcoal for warming furnace, 291 bushels. 
*« for smelting, 6,820 •* 

7,111 «« 

Charcoal per ton of ore 65*2 bushels 

Labor per ton of ore 1.8 days. 
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TABLE OF TB2BD FTOIOIT, 1866. 



Cfaftrge. 




Rich qnartzoBO ore. 
Koasted 2d Matte. . 
Scraps 



Tons. 

. 1-96 
. 80-87 
. 2-09 



Lead. 
Poniids. 



Copper. 
Perot 



10 



Gold. 

Troy 
onnces. 

0-9610 

20-4769 

-U74 



LeadMaUe 3-71 

Litharge 10-81 

Hearth 3-30 



m^^ 1 Slag from IstFosioii.. ,10-99 
*^''^^Qu^.. 2-04 



741 

17,722 

8,304 



6 1-9440 



Bilyer. 
Troy 
ounoes. 
59-5404 
1806*7202 
23 •0778 



175 9600 
66-1500 
42-4700 



Products. 

Lead 

Third Matte 


66-77 

•....10-51 
15-69 


21,030 
741 


28-5293 

21-5442 

20 1-9440 
10 0-2430 


2175*9184 

1283 •8320 
624-5200 


Lead Matte 


.... 3-70 


174-9600 


Scraps aud Fine Diist .... 


4-06 


46-9900 









23 7312 2130.2920 



Lftbor 10 twelve hour shifts ; 5 men in each— 50 days. 

Charcoal for warming the ftimace 100 bnshels. 

• *♦ *• smelting 1710 «• 

1810 * 

Labor per ton of ore 0*46 days. 

Charcoal *< 16-6 bushels. 

Lead charged ** 218 ponnds. 

TABLB OF OUPBLLITIOK. 



Charged. 
Lead 


Tons, JLeadp. e. 
. 10.06 100 

.1208-58 oz. 

. 10 tons 82 

. 2 58" 50 


GoUL 

T¥oy ounces. 

21-5442 

21-5294 
0-0144 


Silver. 
IVoy ounces. 
1283-8320 


Products. 
Pine Silver 


1186 9560 


Litharge 

Hearth.. 


64-9(>80 
31-9860 


Loss 




Qain 






0.1800 


Labor, 26 days 
Wood, 7-52 cor 


— T>er ton of ore. ...... 


0.24 days. 




is. •* 


.... 0-69 cords. 
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GharooaL 


Wood. 


Lead. 


Bushels. 


Cords. 


Pda. 


66-2 
16-6 
0-37 


0-69 


"?0 
9.7 



TABLB OT COBI FKR TON OW OBB IN UNTTB 07 X«ABOB AND XATEBZAX*. 

Labor. 
Days. 

First and Second Fusion. 1.8 

Third Fusion 0*46 

OnpeUation 0-24 

Total a-60 M17 0^ 177 

To this must be added a small quantity of wood or refuse charcoal, used in 
roasting the matte. Some discrepancies will be noticed between the exx>en6e of 
charcoal as given in these tables and that allotted to each operation in the text. 
This arises Irom the fi&ct that the latter is calculated upon the proportions of 
flux and ore, while the tables are calculated upon the ore alone. They are also 
more complete : including fuel, for blowing in, blowing out, and any extra sup- 
plies needed in particular states of the furnace. The quantity of charcoal has 
been calculated on the heaped bushel of 2,748 cubic inches. The above cost is 
for ores of the richness before given. With richer ores there is more matte to 
treat and lead lost, and the cost is therefore somewhat greater per ton ; but it is 
proportionately less per pound of gold and silver. The following table gives the 
relative cost for various ores ; the cost of the poorest being taken as unity :^- 

Aurifercus Silver Vdhie in American ProportionxUe Cost ; lowest 
in 2000 Lbs. Coin. taken as Unity. 

0-i. 14-5. oz. $ 0~$ 61 1 

14-5- 29 $ 61-$122 110 

29-0— 580 $122-$244 1 31 

580-1160 $244- $488 1*73 

The Lend ore falls under the first kind ; the milling ore of Colorado is worth 
from $20 to $30 a ton, and therefore is also in the lowest section ; the ** smelting 
ore," so called, would be mostly in the 2nd and 3d ranks. 

LoBSBS.— By reference to the above tables it will be found that the following la 
the loss and gain of the year. 



First and Second Fusions. 

ITiird Fusion 

Cnpellation 



Total loss. . 



G 
oz. 

4-24 

15 

4-39 
2-36 


I 
old. 
p.c. 

1 

0.07 

11 


jOSS. 

Silver, 
oz. fp. c. 


Gol( 
oz. 


Ga 

i. 
p. c. 


IN. 

Si] 
oz. 


35-50 
45 63 


2-8 
3-6 


2-029 


0.86 


0-02 


81 13 
81 11 


6-2 


2029 




0-02 



00015 



Dr. Turner's opinion founded upon years of experience, is that more than 90 
per cent, of the silver and 96 per cent, of the gold can be counted upon in the 
two processes of amalgamation and fusion. Some years ago he undertook to ascer- 
tain the loss incurred in amalgamating and found it to be 45 per cent He 
therefore placed no reliance upon his results, but when we consider the poverty 
of the milling ore, we shall see that a loss of one half the gold contained in it 
would affect but very Uttle the grand result 
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The cost of all the operationB in 1866, at Lend, vma $883.88, and the balance 
sheet shows a profit of $1,865. The expense was proportioned as follows : Labor 
17, materials i3, direction 40 ; total 100. 

At these works all avoidable causes of loss have been eliminated, or their opera- 
tion reduced with the greatest care. Two analyses a year determine the propor- 
tions of the charges and the composition of the slag. Larger works would ro * 
quire more, but there is no reason why the largest works should not be conducted 
with equid cave. 

Great care is necessary on account of the extremely small quantity of ore smelted ; 
^only 83 tons in 1866, worth less than $2260 in gold and silver, but famishing 
also a ton and a half of copper. But to treat this small quantity an engine r, 
and two smelters and four assistants have to be supported all the year through, 
though they work only 27 days of 24 hours. Of course such a state of things can 
be maintained only by low prices, and we find the Austrian workmen paid ai 
rates varying from 27i to 22 cents (cx)in) a day. Charcoal is 3 1-7 cents a bushel, 
and wood $1 17 a cord. . In this country we should iiave larger supplies of ore, 
sufficient to carry on the largest works on a correspondingly economical scale. 
The nature and higher value of our ores, too, would enable us to work with less 
expense of labor and material to the Troy pound of gold and silver than at Lend. 

In considering these results for guidance in using a similar process at tbo 
West it is evident that the American ores contain nothing to prevent the applica- 
tion of this process. Antimony and arsenic and zinc, the bugbears of the smelter, 
are, with the exception perhaps of zinc, quite as prevalent at ]Lend as in Colorado, 
Our ores, too, contain more pyrites than those we have been considering and 
there would be no necessity for a frision for raw matte. Whether there ought to 
be a fasion for concentration depends upon the richness of the ore, and its 
adaptability to concentration by machinery. A mixture of rich ^'smelting ore*' 
and concentrated tailings, such as is now worked up by the smelters, could be 
roasted and immediately fused with lead. One more fusion with a fresh quantity 
of lead and cupellation would complete the process. We should then have a.pro- 
oess divided as follows : 

L Cupellation of poor ore. 

2. Boasting of concentrated and rich ore. 

3. Fasion of roasted ore with lead. 

4. Boasting of matte. 

5. Fusion of matte with lead. 

6. Cupellation, 

As to the cost of a process like this, we have the following details. A tf^ax ^ 
concentrated tailings is produced in Colorado at an average cost of $6. The exr 
penses for the other 5 operations would be : * 

Day's labor. 
JKoasting in Piles 0-4 

1st and 2nd Fusions 1*8 

Boasting matte 0*2 

Third Fusion 0-46 

Cupellation 0*24 

"^ 8217 0-720 



Charcoal 


Wood. 




0-023 cord* 


65-2 






0O04 


16^ 




00-37 


0-69 
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Mr. H^^gna says that the millen expect to get one ton of concentrated taalingr 
from six tons of ore. At that basis the theoretical ez|mise would be : 

Concentrating 6 tons to one ., $6 00 

Smelting 1 ton. 3*10 days labor $3 9 30 

Smelting 1 ton, 8217 bushels charcoal @ 25c. 20 54 

Smelting 0*72 cords wood @ $8 6 00 

Treatment of 6 tons milling ore 4184 

Mining of 6 tons milling ore @ $10 60 00 

Total cost of treatment 101 84 

Cost of one ton 1 6 94 

The expense of chi^coal ought to be somewhat less than this, for yi conse- 
quence of the small quantity of material treated at Lend no less than 2.5 bushels 
<tf coal to a ton of ore are expended in heating the fomace. If we add one half : 
more for loss in blowing out we have the very large proportion of 3.7 bushels, a 
quantity that would be lessened one bushel if 330 tons of ore were smelted at 
each campaign. With proper management this could be very much exceed d so 
that the expense of charcocu for blowing in and blowing out, would be too small 
per ton to be worth reckoning. 

It now remains to consider the adaptability of this process to western ores, and 
I will take thosei of Colorado as an example* for the reason that Mr. Hague's re- 
port on mines of that Territory offers the best data for calculation. He gives 
commercial assays of the ore from ^rarious lodes which prove the average value of 
the ores to be as follows : 

First class ore : Gold. Silver. 

Consolidated Gregory 5.6 oz. 20 oz. 

Illinois 4 20 

Gardner 8.6 11.5 

California .3. 18 

Burroughs & 12 



4.42 16.3 

Milling ore : 

Burroughs (1340 tons) 1 oz. 4.5 oz. 

The value of the first class ore is $91.36 for the gold and $21.03 for the silver ; 
total $112.13. Let us see what manipulation it requires : Roasting the ore so as 
lo leave 33 per cent raw matte, and smelting with 180 to 195 pounds of lead to the 
ton of ore we ought to extract in one operation 93 per cent of the gold, or 4.05 
ounces worth $83.71 ; and 73 per cent of the silver or 11.90 ounces worth $15.- 
85 ; total yield $99.05. (4) The expense of working would be as follows : 

C4) By reference to the tables of capelJation and loss it will be seen that in 1866 more 
than 99 per cent, of the gold was obtained by one fusion with lead ; while of the silvor, 
60 per eent. was obtained as metal, and 82 per cen|. was retained by the tbird mi&tte 
and went under treatment the following year, 2.4 per cent, was contained in the scraps 
and flue dust, 8 Jl per cent, was retained by the litharge. The latter two should be 
neglected for they are constant from year to year, and the real percentage yield was in 
1866, thereAne, 63*8 par 08iit.iliia silver, and 88*9 per oent. ailrer in Ihe matte. 
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liining— 1 ton v $10 00 

Boasting-O.^ days labor @ $3..:..... $1 dJ 

a029 cords wood $8 23 

8 mos. int on $10 @ 12 p. o. 80 2 23 

Smelting— li» days labor @ $3. 460 

8 pounds lead @ 50.. 40 

46 bushels charcoal @ 25c ... 11 50 16 40 18 63 

Total for mining and smelting. . . 28 63 

If our ore contains no copper the matte will not pay for further treatment 
and we proceed at once to cupeUa ion, for which we have in addition : 

Cupellation: 0.24 days labor at $3 $0 75 

0.37 bushels Coal at 25c 09 

0.69 cords wood at $8 6 52 

91b6of leadat5c 45 6 81 

Add mining and smelting 28 63 

$35 44 
Profit : $99 06— $36 44=$63 62. 

We have remaining a matte containing $7 48. Let us see whether this will 
pay to work by itsell The expense will be lor Colorado rather greater than for 
Lend because the proportion of pyrites in the ore is greater. AsHuming this 
excess equal to 50 per cent and increasing each item to that ex;tent we have : 

Boasting; 0.50 days labor at $3 $0 90 

0.2 cords wood at $8 18 1 08 

Smelting: 0.60 days labor at $3 1 80 

27 bushels of coal at 25o 6 76 

5 pounds lead at 5o 26 9 80 

Total $10 88 

This would leave a loss ; $7 48— $10 SS^saninus $3 40. The loss by direct 
treatment would therefore be $3 40. This matte however could be returned to 
the first fusion again and again, until the copper which is present to some extent 
in almost all the ores were concentrated sufficiently to f^ive the matte a value for 
its copp^. With ores containing much copper the matte might be immediately 
saleable, and both silver and copper bring their value. At present however, and 
especially with milling ores, the process would probably consist of three stages, 
as follows : 

1. BOASHNQ. 

2. Fusion with ubadu 

3. cupkllaxion. 

To illustrate the working of the process with milling ore, let us take the Bur- 
roughs ore as a specimen. It is worth one ounce gold, or $20 67, and 4 6 o% 
silver, or $6 80 ; total S26 47. This is an average yield, as most of the milling 
ore of Colorado, so fi^r treated, lies between $18 and $36 in value. We have ioi 
its treatment by fusion the following expeuses : 
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Althoxtoh ihe procesfles in nse at Freiberg haye been described with tolerable 
frequency, few peirsons who are not instmcted in schools of mines, have a just 
appreciation of the works there, or a correct idea of the methods in use. Those 
methods, in fact, change so constantly that it would require a ^ear-book to keep 
pace with them. They have changed so much since 1870, that in writ ng the 
following description, the work of later travellers, such as Messrs. Kast, Braun- 
ING and KuHLEHANN, all of them connected with the great works in the Hartz 
Mountains, and Baujno, of the Austrian service, have been freely drawn upon. 

After more than 500 years' exploitation, the mines of Freiberg form a vast net- 
work of galleries and drifts. Within the century ending in 1865 a total length of 
S5 German miles, or 115 English miles of passages was excavated, and the mines 
were deepened 700—900 feet What the cubic contents amounted to is not known, 
but it is surmised from the number of men employed in 1765. (1255, of whom 
probably not more than 600 w^re engaged in breaking down), that about •19,200 
oubic yards or 5,539 cords, of 128 cubic feet, of rock was taken out in that year. 
The amount excavated in 1865 was 128,206 cubic yards or 59,190 cords, which 
gives close on 8 cords per German Laehter (6 2-3 feet) of excavation. At the 
«ame rate the excavation for 100 years past would average 36,969 cords per year«^ 
It is a matter of interest to know that in 1765 a cord of rook gave 1 ton of concen- 
trated ore ; while in 1865 a cord of rock gave only 66-lOOths of a ton. Baron 
Von Beubt, however, does not ascribe this falling off to a regular decrease of the 
ore in depth, nor to the fiact that the dressing works now accept poorer ores 
fkom the miner than then, though this probably has some effect ; but rather to 
Ihe very large works for drainage and improvement of communication, most of 
which are done in dead rock, outside of the veins, and (chiefly) to the fact, of 
which he is persuaded, that the Freiberg mines now and for some years back, 
have been worked in one of those zones of medium and poor ore which occur in 
nil veins. According to this view these famous mines should have before them a 
renewal of their former extreme wealth when this poor zone has been worked 
through. 

jblore than 900 veins are known, which have been classed, according to the ores 
f/bjt>j yield, in four groups : 

P The quartz group, containing about 150 veins, from 3 inches to 6 or 7 feet wide. 
fpm would probably be called in America the silver group, for its va'ualJe min- 
eral consists mostly of various silver minerals. The gangue is quartz with some 
gneiss, and the ores are silver glance, ruby silver, fahlerz, miargyrite, polybasite, 
brittle silver ore, antimony glance and antimony sulphide. 
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2. The pyritifcrous gronp, with about 300 veins, of 2 inches to 3 feet width. 
The gangue is chiefly quartz, with some cole-spar, iron-spar, heayjHspar and 
fluor-spar. The principal ores are argentiferoos galena, blend^', pyrites, arsenical 
pyrites, with a certain proportion of the m nerals named in connection with th i 
first group. To this group belong also the veins which yield chi fly copper ores ; 
as copper pyrites, peacock ore, copper glance, red oxide and carbonate of copper. 

3. Tbe noble lead group, so-calleid from its richer ores, has 340 veins, in which 
the gangue is brown spar, manganese spar nnd quartz. The ores are galena, 
richer in silver than that of the preceding division, blende, pyrit s, native silver 
and some proper silver minerals. 

i. The barytic lead group, with 130 veins, some of them very wide. The gan- 
gue is heavy spar, with some fluor-spar and quartz, and the or. s are galena, , 
blende and pyrites, with some carbonates and silver minerals. 

The ores obtained from these extensive mines may be briefly described as con- 
taining aU the lead, silver and copper minerals, that are not mere cal inet curi- 
oidtiesy besides most of those that are ^uoh. The total quantity delivered in 1867, 
was 34,163 tons (2,000 lbs.) which contained by assay : 

Per Cent. In 1 Ton. 

71,444*25 pounds silver and gold = 0104 30-47 ounces. 

5,13000 tons leaid = 15-01 300-20 pounds. 

78'75 •• copper = 0-23 4-60 pounds. 

664-25 •• zinc = 1*94 38-80 pounds. 

174-50 " arsenic = 0-51 11 -20 pounds. 

There are two establishments at Freiberg, the Muldner and Hals rtieke Works. 
Differences in the composition of the ores have given rise to slight deviations in 
treatment, and for the sak*^ of consistency this paper will deal with the course oi 
operations at th^ Mulduer Works alone, while that in use at HalsbrUcke will not 
be referred to, except in describing the copper treatment which is carried on only 
there. 

The Muldner Works treated in 1867, 16,702 tons of ore and furnace produota, 
which contained by assay : 

43,197-45 Av.pounds 

106-89 

4o4-41 

608 SS 

7,620,704 00 

137,445 -to 

7,702,54663 or 3.851 tons. 

By comparing this table with that above given, U will be observed that the oro 
treated at the Muldner Works appears to be richer than the great average. This 
is because a great amount of furnace products are added to the ore, because nearly 
all the foreign ores are taken to thin establishment, which lies immediately on the 
railroad, while the other works is sev^ ral miles from it. These lo eign ores are 
much richer than the average Freiberg ore, as the fact that they a e able to bear 
a transpoitation of several thousand miles, and still aflbrd a profit, indicates. 



Per Cent 


In 1 Ton. 




sUver 0-129 


37-62 


Troy oz. 


gold 0-00032 


0*093 


<i 


bismuth 0-0014 


003 


pounds. 


nick'l A cobalt 0-0018 


004 


M 


lead 22-51 


450-02 


<• 


copper 0*41 


8-20 


« 
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TIm total amoiuit of these prodnots^ aocordiog to tbe taUo, is 8,851 tons, or 
very nearly 35 per cent. Seventy*fi7e per oent of the ore is therefore material 
whieh must be remoTecL This material is of two kinds, nseM, as snlphnr and 
arsenio ; trnd w<H:thle8s, as qnarta asd other goagiie. The useful conatltaents are 
economised as much as possible, and this giyes rise to a series of operations 
which are supplementary to the regular course of smelting. 

Thirteen different products are obtained as follows : 
Melak. Picodacts. 

1 Qold. 1 1 Sulphuric acid. 

2 Silver. 2 Copper vitriol. 

3 liead. 3 Arsenic, white and yellow. 

4 Zinc. 4 Orpiment, or arhcnio sulphide. 

5 Arsenia 6 Speise, containing cobalt and nickel 

6 Bismuth. 6 Zinc paini 

7 Platinum. 

The process is, however, pri$nttrity one for the extraction of lead and copper, 
with their accompanying gold and silver, the rest being all bye products. Ger- 
tain preliminary operations have to be undertaken in order to prepare the ores 
containing arsenic, sulphur and zinc, but holding no lead, for the fiision with 
lM»d ores in which they jiart with their silver. These preliminary steps have been 
grouped together in the ioUowing paper in a Pbepakatobt Sebies of operations. 
Then follows the BxottiiAb Sebibs, in which all the operat ous connected with the 
fusion of the lead ort s and the extractiiiu of the silver, gold and copper, aie 
placed. . Finally, in a Svpflementabt Sebibs, are given the operatiolis in which 
marketable articles are prepared, not from ores, but from various products ob- 
tained during the course of the previous work. 

Only by keeping in mind the fact, that there is one leading series of operations, 
which has for its object tbe production of lead, silver, gold and copper, and upon 
which a!l the other work is dependent, can a clear idea of the varied methods in 
use at Freiberg, be obtained. « 

The processes placed in these three series are as follows : 

Frtparatory. Begul^r. Supplementary, 

lianufacture of Arsemc. Fusions for Lead. Bismuth Process. 

« «< Sulphuric Acid. Treatment of Matte. Hard Lead Process. 

•< *« Zinc. Ouppllation. Separation of Ck>ld. 

« « j2inc Paint. Treatment of Copper. Mannf. Pltitinum. 
Treatment of Lead . Befining Arsenic . 

Seven s<»tB of ore are recognized : 

1. Pyrites; iron pyritts c<mtaimng not more than 1 per cent copper, or 15 

per cent zinc, and little arsenic 

2. Arsenic ores ; averaging 35 per cent metallic arsenic 

3. Arsenical pyrites ; 15 per cent, arse io, 26—28 per cent sulphur. 
4 Arsenical le id ores ; 12 per cent arsenic, 18-— 20 per cent lead. 

5. Blende ; with more than 30 |.ier cent zinc 

6. Pyritiferous ores ; containing 15 --30 per cent zinc. 

7. Lead ores ; 1, galena, with more than 30 per cent lead, and 2, phunbiftvouft 

ore, with 15—29 per cent lead. 
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Bni foU^wing the system ptursned in this paper, the old oUunifieation into 
fluxes, lead ores, dry ores and copper ores, will be retained. The fluies are in 
the main those which contain so much iron as to make them valnable additions 
to the fusion for lead. They axe olueily iron pyrites •containing arsenie and sine ; 
hat the zinc ores also belong in this class, thd residues after the distillation of 
the zinc being carried to the lead process and added in the roasting fomaee. 
The dry ores (Dttrrerze) , are so called from tiie absence of lead. In this country 
they would be called distinctiyely silver ores, for their valuable part consiJits of 
true silver minerals. They are worked with the le^d ores in the shaft ftama^'e, 
and therefore come in the regular series. But if their quantity is too great to be 
disposed of in this way, they can be melted in a revertieratory with slag from the 
fusion for lead, and than belong to the preparatory series. This was formerly 
the basis of the Freiberg treatment. Kow it is, at mosti an exceptional oper»> 
tion. 

FBEPABATOBY SEBIES OF OPEBATIONa 
Boasting .*— Chief among these operations is roasting, or the remotinff of the 
sulphur. For this, four varieties of furnace are used : 1. kilns ; % GerstenhOfer 
furnaces ; 3. Wellner's stalls ; 4 reverberatory furnaces. The first two are con- 
nected with the sulphuric acid chambers. Kilus are need for ore in lumps, and 
for matte. Those in which ore is roasted are 10 feet high, and 7X5 feet in see- 
tion ; those for matte are 10 feet high, and lOX^ fe^t in section, the long side ia 
both coses forming the front They have numerous small side openings through 
which the workmen can observe and regulate the operatioo. The charge for the 
larger furnaces is 1,760 to 2,200 pounds, and for the smaller 650 to 1,300 pounds. 
A charge is drawn every twelve hours, so that one kiln roasts in twenty-four 
hours, of matte 3,500—4,400 pounds, and of ore 1,300—2.600 pounds. No fuel 
is used. The hulphur is reduced to 8 per cent. When it is necessary to roast 
the coarse ore or matte more thoroughly, Wellner's stalls are employed. These 
have grates upon which a fire is maintained, by which the sulphur is more tho* 
roughly removed than can be done by any heat produced by its own combustion. 
But as sulphur is needed in the shaft furnace, the re-roasting of these coarse 
ores is rather exoeptionaL 

For fine ores, the Gerstenhdfer fiimace is employed for preliminary roasting. 
The form of this, as is well known, is that of an upright shaft containing trian^ 
gular bricks, reaching from side to side, the upper surfaces of which form shelves 
on which the ore periodically rests. These furnaces have not answered the ex- 
pectations formed of them, and they are retained at Freiberg more as the best 
construction in some respects that has yet been devised for finely crushed ores, 
than as a thorough roasting apparatus. They do not reduce the sulphur beyond 
12 or 13 per cent., and are used as a preparation for reverberatories. The roast- 
ing is not always uniform ; but for fine ore, they are almost the only resort of the 
sm*^ Iter, who wishes to utilize his sulphur in the manufiEicture of sulphuric acid. 

Boasting only to 13 per cent, these furnaces require to be hupplemented by 
reverberatories, an interesting variety of which is found at Freiberg. They are 
all long furnaces, the ore gradually advancing from the cool to the hot end. 
Three kinds are in use, double hearth furnaces of 47 and of 76 leet hearth lengthi 
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. aa>d single hearth fiimaoes ; both sizes of the fonner have npper hearths of the 
width of 6 feet and lowt-r hearths of 5 feet 6 inches. It was found i hat the shorter 
furnaces did their work just as well as th«) longer, in less time and with less la- 
bor. In building a new furnace, it was therefore made of 47 fe<t hearth 
length, the upper hearth 7 feet wide and the lower 6 feet 6 inches. These double 
hearth furnaces, and especially the old forms, which have a flue on top, are ex- 
tremely hard to keep in repair ; and trial was made at the HalsbrUcke works, of a 
single hearth furnace, 48 feet long and 10 feet wide. This gives more hearth 
room than the longest of the old furnaces, and allows doors to be made on both 
sides ; while the two-banked furnaces mostly have doors on one side only, a dzS' 
position which makes it very difficult to move ore that lodges between the doors. 
This furnace roasts fully as well as the older forms, and also disposes of about 50 
per cent more materiaL 

The Gerstenhofer furnaces and the kilns are connected with a system of flues, 
in which the arsenic, which forms a constituent of almost all the pyrites, is con- 
densed. From the flues the sulphurous acid vapors pass to the lead chambers, 
where sulphuric acid is made. This condensation system is peculiar in having 
canals next the acid chambers, formed of sheet lead, by which the gas is 
80 much cooled as to insure the most thorough precipitation of the arsenic. The 
g9S also reaches the chambers in the best condition for condensation. The re- 
verberatory furnaces have a special system of canals, in which a dust, very rich 
in ^trsenic, collects. As the gas is not utillzable ior sulphuric acid, the canals 
end in a high chimney. With this description of the means for roasting, we will 
pass to the treatment of the various sorts of ore which are subjected to it. 

Fyriies : — The coarse ore is roasted in kilns to about 8 per cent , and if desired, 
it is re-roasted in stalls. The fine ore first passes through the Gerstenhofer fur- 
nace, in which the sulphur is reduced to 13 per cent, and is then mixed with the 
lead ores for roasting in a reverberatory. 

Arsenic ores are of three kinds. 1. True arsenic ores ; 2. Arsenical pyrites ; 
and 3. Arsenical lead ores. The true arsenic ores are treated both for metallic 
arsenic, of which they contain about 35 per cent, and for arsenic sulphide. 
The operation consists in a distillation in chamotte tubes, first at a low tempera- 
ture which drives over the arsenic sulphide, and then at a high heat wben the 
metallic arsenic passes over. The first collects in the extreme end of the con- 
densing apparatus, and the second in that part nearest the furnace. 

Arsenic sulphide is also obtained from the arsenical pyrites and from sulphu- 
ric acid residues. The former contain about 15 per cent arsenic and 26—28 per 
cent sulphur. This distillation is also performed in tubes. The residues still 
containing arsenic, are treated like the lead ores described in the next paragraph. 

Arsenical lead ores are roasted in a revorberatory furnace which has a hearth 

14 feet long and 10 feet wide. In order to prevent the passage of sparks and soot 
into the flues where the arsenic condenses, the ordinary fir^ place is replaced by a 
simple gas generator. This is formed by merely sinking the grate about 3i feet 
below the firebridge, and in the shaft thus produced coke is burned. Combus- 
tion takes place only in the lower part of the coke column, and th^t upper pai-t is 
not heated sufficiently to decrepitate. The charge is about 2,000 pounds, which 

15 roasted in six hours, at an expense of 275— '330 pounds coke ; each furnace 
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has a opecirtl fine 800 feet long, in which a perfEK^tly white dnst, free from soot, 
ai'd saitable for the market, collecte. 

^ne ores consist of blende, which is roasted with great care in reverberatories, 
by which the amount of sulphur is reduced to one and a half per <'eni The 
roasted ore is then distilled in Silesian muffles, and the residues from the distil- 
lation are mixed with tbe roasted pyritiferous ores, and treated as described in 
the next paragraph. These residues contain 9 —12 per cent zinc ; 1 — 2 per cent 
copper ; and 0-03—0.04 per cent (8'7— ll'e ounces) silTer. 

i'j/riti/erouA ores are pyrites containing blende. They hayefrom 15 — 29 per 
oent. of zinc; 1—2 per cent copper; 0*015— 0*045 per cent silver; and more than 20 
per cent of sulphur. Their treatment is one of the most peculiar in the whole range 
of metallurgy. It is impossible to utilize the zinc they contain as metal, nnd yet 
it must be eliminated, if the ore is to be charged in the fusion for lead, wht^re a 
high percentage of zinc would seriously disturb the operation. The ore is, there- 
fore, powdered fine, and roasted first in a Gerstenhofer furnace. Besidues from 
the zinc distillation are then added, and the whole is roasted in a reverberatory. 
The roasted ore is then mixed with coke slack and brown coal, and smelted at a 
high heat in a reverberatory furnace. The zinc oxide which has-been formed 
in roasting, is now reduced to metal and volatilized, but immediately oxidizes 
again in the air, and collects in the flues in the form of a gray dust. This ope- 
ration is conducted at a nearly white heat About two-thirds the zinc is removed 
in this way, and the product —called dezindng residue —contains all the iron and 
not quite one-third the zinc of the original charge. The regular charge con- 
sists of 

30 roasted ore ; | 1*3 brown coal ; | 1*6 coke slack. 
From four to six charges are fused in twenty-fonr hours ; and the expense of 
tael, according to the average of five days run in Septeinb.r, 1869, was : For re- 
duction 11-5 ; on the grate 30*8 ; total 42*3 per cent 
Products : 

Besidue8=:0'0]2 per oent (3^ oz.) silver, 8—10 per cent zina 
Speise. usually amounting to 4 per cent of the ore. It contains 013 per oent 

(5.2 oz.) silver, 2 per cent lead, and 10 per cent copper. 
Lead is sometimes produced. It is very impure, forms about 0.16 per oent odT 

the ore, and contains 1*3 per cent (389 oz.) silver. 
Flue dust, which forms about 10 per cent of the ore, and contains 0*005 per 
oent (li oz.) silver, 10 per cent load, 24 per cent zinc, and 30 per cent 
sulphuric acid. The dust near the furnace contains a great deal of sulphu- 
ric acid. It is lixiviated and the residues returned to the furnace. The re- 
mainder is sold as paint 
The furnace in which this and similar operations are performed is an adapta- 
tion of that used in the English copper process. It is a reverberatory, in which 
the lining is composed of a mixture of sand, clay, and slag, sand alone, or any 
other material that may be desirable. A foundation of suitable size is dug out 
and lined with masonry. Small pillars of masonry (c c. Figures 7, 8, and 9) are 
also carried up nearly to the hearth leveL On these strips of iron plate are laid, 
on which rests a number of iron plates, & b forming the hearth bottom. Upon 
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thefid i8 plAced a layer of broken stone m, then comes a layer of qanrtz and oba^- 
motte (old bricks ground up) n, and on this the hearith sole, k, made np nsnallj 
of quartz and slag, is melted. The other parti of the fimuioe are id, outer wails 




Wigure 7. — Jte^serheratory Vurnaee at Wrtiberg, 

of hard burned brick ; «, fire-place ; /, grate ; g fire door ; h, fire bridge of re- 
fractory brick ; j, opening in fire bridge to cool it ; {, arch made of refiractory 
brick ; o, openings for admission of air ; p. working door ; q ana r, side doors ; «, 
tap hole ; t, charging hole in roof ; u and v, supports for the tools ; to, the fine ; 
and OB, the chimney, made of hard burned red brick, cemented with a mixture oi 
quartz and clay. The whole is strongly bound with wrought-iron bars. F<^. 7 
is a vertical side section, Fig. 8 a horizontal section and Fig. 9 an end section ol 
the furnace. 

This operation is not one to be imitated except under peoaliar circumstanceR, 
for it is so ciostly and its product of so little value, that the proceeds hardly more 
than cover ezx^enses. At Freiberg, it is valuable for other reasons than peouni 
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ary profit One of the greatest defects of the Freiberg ore waa formerly its lack 
of iron, a want which was one of the reasons that in former times led to the adop- 
lioikof a reverberatory furnace process, after a trial of the shaft furnace had failed. 
Freiberg produces iron pyrites mixed with zinc, but this source of iron was use- 
less until this method of eliminating most of the zinc, was discoyered. To 
merely roast the ore and add it to the charge in the shaft famace would 
cause the entrance of so much zinc into the slag that it would be both pasty 
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and nearly infasible. But by distilling the zinc off, a residue rich in iron 
and comparatiyely poor in zinc, is obtained ; and this forms a very accep- 
table addition to the lead ores. 

BEGULAB SEBIES OF OPEBATIDNS. 

From all the aboye operations we have the following products : 
1. From Sulphur ores— Boasted iron pyrites containing some lead^ copper and 
aUyer. 
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% From Arsenio ores— Boasted residaes, having in the main the oomposition oi 
roasted iron pyrites and still containing a certain pro- 
portion of arsenic, together with lead, copper &nd 
• silver. 

9. From Zinc ores — ^Dezincing residnee, forming a slag, which contains much 
iron, 8—10 per cent zinc, with lead, copper and sil- 
ver ; also a speise containing very much arsenic with 
iron, copper, lead, cobalt and nickel. 
Besides these, the following ores remain for treatment : 1: Qalena ore& 2. 
Lead bearing ores ; (the average of the two is barely 40 per cent, lead and 0.16 
per cent, (431 oz.) silver.) 3. Copper ores. 4 Dry ores. 

The treatment now becomes that known as the Boasting and Bedaction pro- 
cess ; the ores being first roasted to a silicate and then reduced in the shaft fur- 
nace. In the former operation various purchased materials containing gold and 
silver, together with the residues from arsenic glass are added, and the products 
mentioned above serve as flux in the blast fiimaca It is for this reason that the 
ores from which they have been obtained have received the name Fluxes. The 
first step is to make the " ore-mixture" for roasting. This is done by spreading 
out in thin layers, one upon the other, the different lots of ore, so that by cut- 
ting the mass down vertically, the charges taken daily for the furnace wiU have a 
pretty uniform composition. This is of great importance in its effect, both upon 
the roasting and also upon the regular working of the shaft farnacc The mix- 
ture contained in 1867 : 

60*645 lead ores. 

18114 ** dry" or silver ores. 

1 '703 copper ores. 

11 '779 pfurchased products and flux. 

7*759 .foreign ores. 

100- 

It contained on the average 0*2425 per cent silver (70| oz.)» 29*08 per cent 
kiad, and 0.156 per cent copper. 

Roasting : — The mixed ore, which is in the state of powder, is roasted in the 
reverberatory furnaces before mentioned. Experiment has proved that a hearth ' 
of 47 feet length, and a grate of 25 inches width, is sufficient to insure a thorough 
use of fuel with the above mixture of ores. The charge is made in posts oi 1,650 
pounds each, which are introduced every three hours, so that a fumaee roasts 
13,200 pounds in twenty-four hours. The thickness of the layer of ore is six in- 
ches. It should be remarked, however, that the new single he rth furnace, at 
the Halsbrticke works roasts 21,120 pounds daily* A great difference in tbe 
amount of labor is also apparent The 76-foot, double hearth furnaces require 
eight workmen to twelve hours ; the 47-foot furnaces, five men. J'uel amounts to 
22i per cent ot the ore, but the coal is of very poor quality and will avemge 20 
—25 per cent of ash. Well roasted ore contains 3-5 per cent sulphur, and 
rarely reaches 6 per cent The ore is thoroughly lused and cornels from the fur- 
nace as a silicate. 

Beduction takes place in the octagonal or **Filtz" furnace, as it is named after 
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its inyentor. This was as iirst made octagonal but new ones are to be zonncL 
The earlier forms were wider at the top .than at. the bottom, bat the new ones are 
to haye straight sides. The new furnaces then will differ from the old 7-tuyere 
Stolberg furnaces only in having one tuyere more, in haying tuyeres on aU sides, 
(andtheref>)re, being cooled on all sides,) and in being closed at the top ; their 
lower walls are only oue briCK thick, but this is a matter of conyenieoce only and 
cannot haye any material effect upon the workino;. Thinness of walls, in fifict, 
has no other efiect than to cool the hearth and thus prevent its rapid destruction. 

The furnace is built in two parts. The upper part is built of any hard brick, 
is surrounded by a shell of strong sheet iron, and is carried upon eight iron col- 
umns. It stands 4i feet aboye the sole of the hearth. Its shape being conical, 
and the base of the cone forming the top, the lining rests upon the iroi^ shell, 
but the lower coarses are also kept in place by a ring which is £Etstened to the 
shell by means of an angle iron. 

The mode of supporting the shell upon the iron columns is somewhat peculiar* 
On four of the eight sides, a strip of angle iron is bolted to the shell Tt^ese rest 
upon an J beam bent to a square with rounded comers ; and this J beam rests on 
the columns. The columns are not placed equi-distantly around the iumace, but 
are assembled in pa^'rs on those sides where the angle iron is bolted on. At the 
leyel of the distributing air pipe brackets are placed on r ach side of the columns. 
Those on the outside carry the dis'ributing pipe. Those next the turoace, bear 
against angle iron knuckles which are bolted to the shell, on those sides which 
do not carry the angle iron strips farther up. 

• The top of the furnace is formed by a round iron hopper or cone, the opening 
of which in about 20 inches less than the diameter of ine furnace. From this 
an iron cylinder projects into the furnace, leaving an open annular space of seven 
inches between the cylinder and the lining. The top of this cylinder is closed by 
a plain cylindrical sheet iron cup, resting on the iiiner sur&ce of the hopper. 
The discharge flue is placed in the side immediately opposite the cylinder. 

The charge is made in the hopper, around the cup, and is thrown into the fur- 
nace by raising the cup. It &lls into the cylinder, and thence passes to the body 
of the furnace. The gas produced by the combustion of the fuel not being able 
to leave the furnace by the throat, collects in the annular space around the cylin- 
der, and passes off by the flue. The flue is lined with firebrick, three inches 
thick. 

This, as will be seen, is an old form of charging apparatus, weU known to iron 
smelters. Other methods are also in use at Freiberg, in which the gas passes off 
by a central pipe, running through the cup. The' reason for making the change 
was, that the syst m of flues is not sufficiently large for the work it has to do and 
the furnace sometimes tailed to draw. The central pipe p^rmi's a direct dis- 
charge into the atmosphere whenever necessary. 

The foundation is carried deep into the ground, and is surrounded by 2-inch 
plates of cast-iron. It consists, in fact, of an 8-sided iron box, lined with ma- 
sonry. The center is filled up with slag, rubble, clay and bricks. Upon the 
masonry the hearth walli are built ; and tue hearth material, composed of clay 
and coke slack is laid on the bricks. 
' From this description, it will be seen, that the effective height oi the fumaoe« 
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that is, the height through which the products of eombnsiion act on the charge, 
is that from the sole to the lower edge of the cylinder, or fifteen feet fourinohei. 




t^gure 10,—Shaft SSumaee at Freiberg, Vertical Seetien, 

The dimensions of the furnace, reduced from French measure, are as follows 2 

Height from sole to top 17 feet 10 inches. 

«* of cylinder , 2 ** 6 

" of slag discharge over sole 1 •* 2 

•• of tuyeres oyer sole . . . .' .* 1 •* 9i 

Diameter at tuyeres 5 ** 1 

•« attop. • 6 *• 6 



Digitized by VjOOQ IC 



FREIBEBO. 65 

Diameier of cylinder 5 feet 3 iocheA. 

•• of tuyeres •• 2i •• 

Number of tuyeres (water cooled) : 8 

Hopper ; Height 1 ft. 9 in. 

Diameter at top 8 •« 9 «• 

♦• atbottom 4 «« 8 •« 

Cup; Height... 2 " 4 " 

Diameter 5 " •• 

Blast pipes ; Diameter oi distributing pipe (interior) 1 ** '* 

** of nozzle pipes •* 6 ** 

Discharge flue ; Diameter (interior) 1 ** 3 ** 

Beception basin ; Diameter 4 *• ** 

Depth 1 «« 6 " 

Slag pot ; Height 2 " 1 " 

Diameter at top ^ 1 " 6 " 

Columns ; Mean Diameter 6i <* 

Height U " 2 •• 

The charge for the furnace is made up in layers Uke the ore-mixture, only not 
80 carefully. Messrs. Kasi and BaAUNiNa give the following as its composition : 

Boasted ore 100 

Baw matte .* 15 

Boasted pyrites from the kilns 15 

Slag from the same operation 80 — 100 

210—230 
But generally other products are worked into the charge such as arsenic resi- 
dues, zinc residues, lead bearing producs and purchased material, containing 
gold. Two furnaces (Stolberg) were in Septexnber, 1869, running on the follow- 
ing mixture of orm and products. 

i IL 

Boas'ea ore 100 100 

Slag from same operati' n 150 113.6 

Baw matte 20 

Gold scraps I'SS 

Dezincing residue. 10-9 



271-25 224*5 
Freiberg ores contain gold, but in too sn^ quantity to pay for extraction 
alone. But by increasing the proportion through the addition of gold scraps the 
whole is obtained. We haye already seen that the material treated in 1889, o(»i* 
tained a<t much as 106 pounds of this metaL 
Products :— L^ad, containing 0*5 per cent (146 oz.) silver. 

Matte, 0-2 per cent (58i oz.) silver, 25 per cent, lead, and 6 per 

cent copper. 
Slag, 0*005 per— 0-010 per cent (0.6—1 oz.) silver, 5 lead. 
Flue dust forms li per cent of the ore. It contains 0.006—0*01 per 
cent silver, and 37 — 40 per cent lead. 
Of coke, containing 15—20 per cent of ash, 10—11 percent is used. The 
pressure of blast is l—\ inch of mercury or |— i pound per square inch. One 
gmelter, two chargers, and two to three slag-men are required to each shift 

Although the amount of silica in the charge is less than is considered advan* 
tageous in most lead worJcs, no effort is made to increase it, but on the oontiaxy 
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btisic flu^eR— limestone and fluor spar are added. The result is a ^lag which is 
bnt little above a proto-silicate. The regulation of the charge depends upon tho 
amount of zinc present. 1 o avoid the form'ttion ot an infusible zinc slag. Ihe 
proportion of sulphur is kept up, either by not roastin^^ the ore o mpletely or by 
ncld^ng raw ores or matte. This insures the passage of part of the zinc into the 
miktte while another part unites with the slaig. The amount of zinc present also 




JFigure 2i.— n«ri«on(al SeetiPH, 

influences the proportion of slag repassed. At Halsbrttcke, where the ores con- 
tain less zinc, the charge of slag from the same operation, is but one-half that 
used at the Mulden for zinciferous ores. Thin slag, according to Messrs. East and 
Bbaunino, contains : 



Silica 3115 

Iron oxide 41*31 

Zinc oxide 7 85 

Alumina 3-18 

Lime 6*45 

Magnesia 1*06 



Barium Oxide 3*58 

Manganese oxide 2*10 

Lead oxide 1 47 

Copper suboxide 0. 16 

Sulphur 1-86 



100«17 

The slag is received in conical iron pots. A certain amount of tLe lead and 
matte contained in it nettles to (be bottom and the point*^ of the cones are broken 
off and sent at once to the next ftision. The amount of material treated in the 
lead process in 1867 was 18,359 tons, made up as follows : 
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9,071 tons leatl ore. 
3,330 *• dry ore and copper ore. 

6,303 ** prodacts containing iron (chiefly from the Preliminary 
Scnes of Opei-aiions.) 

3^14 '* arsenic rendnos. 

270 <• iron ore 

THX TBSATBCBNT OF THB MATTB. 

The matte is roasted in kilns or stamped and roasted first in the Grerstenhtifer 
famace, and when it is desired to reduce the amount of sulphur, in the reverbe- 
' ratory furnaces also. It is then smelted with the addition of slag from the first 
fusion. 

The operation is in &ot a treaimeot of the first slag with addition of the matte, 
and it exhibits in the strongest manner the peculiarities of th Freiberg methods. 
Though the matte is altogether basic, Uttle acid flux is added ; and even the 
slight amount of silica added, is swallowed up by the limestot e and fluor spar 
which constantly f ^rm part of the charge. Th*' aim is to produce a very basic, 
thin slag, which on account of its fluidity will allow the ma: to and lead to settle 
as periectly as possible. 

The charge varies very much, for this fusion is the general outlet of whatoyer 
the works afford of basic products. Messrs. Kast &, Bbaunino give tbu follow- 
ing as a specimen : They, it will be o' served, base the charge upon the amount 
of tirst slag it contains. This view is certainly correct, as this slag forms by ixt 
the largest part of the charge, and the operation is really a refusion of slag. 

Slag from firstfusion 100*0 Speise 1 -0 

Copper slag 4*0 Dezincing Behidues. ... 10 

Copper matte raw 2 3 Lira^^tone 2*0 

Lead matte roasted io kilns 4.3 Fluorspar...- 2*0 

Lead matte roasted in kilnn and stalls .... 8*4 Hearth, tto 7*2 

Pyrites 9-0 

141*2 
Thus, matte and ore form but 26 parte to 100 slag. On September 16, 1869, 
the charge wa-* : 

First si g 100 

Boasted first matte 20 

Fluor spar 10 

Copper slag 5 

134 
Labor and pressure of blast are the same as before. Of fuel 13 - 14 per cent is 
consumed, equal to 17—18 per cent, of the slag ; or 70—75 per cent, of the matte 
arid ore. 
Producte :~Lettd=0.15— 0-18 per cent (44—52 oz.) silver. 

2nd matte-*-0*10— 20 per cent silver, 21 per oeot 

lead, and 15 per cent copper. 
2nd slag==0*002 per cent (i oz.) silver, 1 '5—2 per oent 
leal. This slag is thrown away. 
Ther ^ are no full analyses of the slag, but the proportion of some of ite const! 
tuents is as follows : ^ 

Silica 29*7 

Zinc oxide 8*5 
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Lead oxide' S-S 

Silver 0025 

The extremely basic character of this slag, and its large percentage of zinc, mnke 
the management ol the famace very difficult When the Piltz fbmace was firat in-, 
troduced at the Maldner works, its height was made 22 feet ; but its reducing 
Action WAS too great for the slag, and it had to be cut down. A new ftimace 
which is to bp built will be eleven feet eight inches high, the diameter of five feet 
en) inche being retained. Its sides wi 1 be straight instead of 11 dined. 

Ihird and Fburth Fusions :->The second matte is twice roasted and resmelted 
with first slag, the object being to concentrate it to about 23 per cent copper, 
when it is looked upon as a copper matte. These fusions form successive steps 
in the operation last described. The working of the'fn nace is not stopped, but 
a second or third matte is merely substituted for the first, for a few days or un- 
til the whole of the material at hand has been smelted. The other constituents 
of the charge remain the same, and the expense of labor and fuel is not to be dis- 
tinguished from that given for the second fusion An old table, showing the gra- 
dual change of the matte from a lead matte carrying about 57 ounces of silver to 
the ton, to a copper matte with one-third less silver is given below ; but it is very 
likely that the new method has changed these proportions. 

SHiVEF. LEAD. . CX>FPEB. 

Decreases. Decreases. Increases 

Per c ni Oz. Per cent Per cent 

in 2000 lbs. 

1st matte 0.25. . . .73 25 6 

2nd do 0-23. . . .66 24 21 15 

3d do 0-17. .. .48-96 13 32 

4th do 015. . . .43-75 13 42 

In the processes just described, the ores have all bt^en treated and resolved 
first into t e side products obtained in the preliminary series of operations ; and 
into two others— lead and copper matte— the result of the shaft fumac treatment 
In the lead is concentrated nearly all the gold and silver, and the remaining ope- 
rations of the regular series are those belonging to the lead treatment, by which 
the gold and silver are separated from the former metal ; and tbose belonging to 
the copper process, in which copper, vitriol, and rich silver residues are ob- 
tained. 

TBEATMXNT Or THB LBAD. 

The lead obtained in the foregoing operations contains a Tery appreciable 
amount of iron, copper, arsenic, and antimony. It is all refined by heating in a 
reverberatory fum ;ce, with admission ot air. The above metals are all more oxi- 
dizable than lead, and a product is obtained in which they are concentrated. 
This is used to make hard lead, while the refined metal goes through the Patti- 
son process, for the extra tion of its silver. The btter process has been so often 
described, that it will not be followed here. Fourteen kettles are in use, each of 
27,500 pounds capacity ; concentration proceeds on the one-third system, and 
poor \e\d is obtained with 0*0015 per cent silver, and rich ledd of 1 -5 per cent — 
1.8 per cent (437—505 oz.) silver. The consumption of fuel in twenfy-foor 
hours is 4,220 pounds. 
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EefitUng ;~Two ftmaoes ar* in use, <me sluJlow and one deep» fhe i^rmAngiQi^ g 
baying a marked effect upon the conaomption of fiieL 
The shallow fomace treaia 10 tons in 24 hours, with 2,200 pounds coaL 
The deep «< « 13*6— 16 tons '< «< 1,320— 1760 pounds ooaL 

In spite of this extreme difference in Ihel, the saving by the deep fomaoe is, at 
Freiberg, bat a few cents to a ton of lead; the coal being yexy cheap. 
Frodncts : — ^Lead, containing 0*6 per cent (175 oz.) silyer. 

Ist Abstrich, whioJi amounts to about 19 per cent of the charge. 
It contains a great deal of lead arsenate and antimonate, and 
a little copper and iron sulphide. 
2nd. Abstrich, forming 10 per cent of the charge, and containing 
bat little arsenic or antimony. This is returned to the first fuidon 
for lead. 
OupeHation is performed in a G^erman hearth. It is divided into three stages, 
forming three separate operations. 1. The operation is stopped at the point at 
which the bismuth begins to oxidise. This takes place when the lead is so con- 
centrated as to contain about 60 per cent silver. 2. The rich lead is then re- 
moved to a new famaoe and concentrated to about 85—90 per cent silver. All 
the products contain bismuth and are treated for this mettU. 3. Befining takes 
place at the Halsbrttcke works, the products being also rich in bismuth. 



I%gure 14, 




Figure IS, 



The operation is performed 
in a cupel furnace, shown in 
Figures 12, 13. U, and 15. This 
is a round furnace, with con- 
cave, or cup-shaped hearth, the 
arch of which is formed of 
shertiron lined with clay and 
removable. The lead is charg- 
ed in the hearth with the cover 
removed, and when ready the 
coVer is placed by means of a 
crane and the joint luted w th 
clay. There are five openings 
to the hearth, one for the 
flames to enter, two for the 
blast one by which the abzug 
is drawn out and one for the 
discharge of the litharge. Fi- 
gure 12 is a view of the hearth 
with the cover removed, dotted 
lines shoving the relative an- 
gles of the blast flame and 
litharge cpenings. Figure 13 is 
vertical section, also without 
the cover, and Fig. 14 and 15 
show the skeleton of the covtr ; 
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b is the foundation wall, e the iton braces, d dxying canals, • ring wall, often made 
of clay, packed within an outer ring of masonry, / sole* of slag from lead foznaoe, 
g brick sole laid on the slag. This is laid dry and the creyices calked with mer- 
gel. Upon this is stamped a mergel sole (not shown in the figure) which forms 
the working sole of the ifomace. Mergel is an argillaeeous limestone stamped 
fine and' When Of good quality, contains about 22 silica, 6 clay, 4 iron, 2 magne- 
sia and 66 lime carbonate. When no natural rock of about this composition is at 
hand artificial mergel may be made by mixing intimately 1 Volume clay with 3 to 
4 Yolumes powdf red limestone. The powder is sifted through a mesh of 64 holes 
to the square inch. This is mixed with old hearth powdered, moisteued and 
stamped in upon the Inick sole, the layer being 2—3 inches thick. In stamping 
the mass may be placed iu layers, the &ce of each layer being criss-orossed before 
putting in the next, or the whole luay'be put in at once, lightly stamped to shape, 
aud finished by stamping in a spiral line from the wall to the cenrer. In the cen- 
ter, sometimes nearer the firebridge, a shallow bosiu is cut out where the silver 
finally collects. When finished the sole must be so hard that pressure with the 
fingers makes no impreKsion upon it. The object of the sole is to absorb the li- 
tharge formed in the last stages of the operation It must, therefore, be porous, 
but not so porous as to absorb too much litharge. The chape of the sole has 
some effect upon the operation. An old rule is that with a deep hearth the lead 
oxidizes easier, but the Hilyer brigtitens less easily ; with a shallow hearth the 
brightening is easier, the formation of litharge slower. 

In the figures h and i are iron ring braces, /Ic brick WhU forming the sides of the 
hearth, m iron plate covered with mergel, forming <he litharge opening n ; this 
usually has a hood to draw off lead fumes and protect the workmen ; o opening 
where the flames escape and the abzug is drawn off; this furnace has no chim .ey 
but is placed under a large chimney lorming the cupellation room ; p fire bridge , 
r tuyeres, u and v ash pit to grate. 

The cover is made of iron bars joined by concentric iron rings upon which aro 
placed segments ot sheet iron. The sheet iron is pierced with numerous holes 
t' trough which project bent pieces of hoop Iron. Upon this a tough clay mixed 
with sand is thrown, forming the interior surface of the hood. These different 
parts are shown in Figure 15. 

Of the cupellation a good idea will be obtained from five operations, iu 186d, 
which gave tbe following results : 

Chiurge : Lead from Pattinsoning 286, 165 pounds. 

Products : Abzug 1,100 •• 

Abstrich none. 

Redlitharge 30,910 " 

Bismuth Utharge 4,290 •* 

Ordinary litharge 221,760 •• 

Leadscnips.. 3,410 ** 

Hearth 26,080 " 

The working time was 463 hours, but this evidently does not include the time 
employed in preparing and drying the furnace. The average amount of lead cu- 
pelled was 552 poun<1s per hour ; a very high figure, and due to the fetct that to- 
wards 30 tons of lead are cupelled at each operation. Of fuel 4i cords wood, 
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15,400 poimcb brown eoal, ft&d OrttlO poondi bitaminoiui ooaI were used ; or per 
tpn of lead, 003 cords wood, 108 poonde brown coal, and 46 pounds coal (7* 7 per 
oent.) 

Of tbe aboTe prodacts the red litharge is sold for paint ; the litharge containing 
bismuth is treated for that metal; ordinary litharge is reyiyed to lead, lead scraps 
are retiimed to the next cnpdlaiion, and the bearth is charged in the first fdsion 
iorlead. 

Second OVpeUolioii.'^The rich lead is not weighed bot asnally from 1,900 to 
1,800 pounds weight, are obt<iined at each operation. From this second cupella- 
tion, which is conducted Uke the first, the following products are obtained ; 

First litharge, containing 4 per oent bismuth. 

Second litharge containing 9—10 per cent bismuth. 
- Hearth containing 9—10 per cent bismuth. 

The time is lour to six hours, fh^l 9,380 pounds coaL 

The resulting silver is refined in a cupel furnace. It contains all the gold of 
the ores and products, and this is separated by the usual method of dissolying 
the silver in hot sulphuric add The gold remains as a residue, and the silver is 
precipitated by copper from the solution. The gold is ignited with saltpeter and 
melted with bisulphate of soda. The slag contains pUtinum, which is obtained 
from it in the chemical laboratory 

THB OOFFEB FSOCBSS .* 

Hitherto we have followed the course of the operations as they are carried out 
at the Muldner works ; now we will turn our attention- to the Halsbrttcke works 
where all the copper is extracted. The matte is subjected to one more opera- 
tion, by which its percentage of copper is increased to 73 —75 per cent This 
is done by a peculiar process. 

The first copper matte, according to analysis ma'^e in the dausthal laboratory 
(and the specimen may be looked upon as a fair average, though the copper 
sometimes rises to 43 per cent), is made up as follows : — 

Copper 32*9 Iron 19-5 

Silver 025 Sulphur 28-8 

Lead 15. 

Arsenic, antimony, zinc, nickel, cobalt etc., in small quantities. 

This is smelted m a reverberatory furnace with quartz and barium sulphate. 
By reduction the barium sulphate becomes barium sulphide, which, in presence 
of copper oxide, gives up its sulphur to the copper, takes oxygen, and forms a 
silicate with the quartz. This use of barium sulphate as a re-agent is Intended 
to prevent the introduction of iron into the charge. Since metallic copper is not 
made, but copper sulphate instead, it in necessary to the purity of the latter that 
the resulting matte shall not contain more than 0*2 per cent of iron. The matte 
is stamped and roasted in a reverberatory furnace, to 5 per cent sulphur. This is 
over-roasting, for there is not enough sulphur left to make the t asic copper sul- 
phide which is desired. But over-roasUng is necessary in order to olidize the 

2 This account of the treatment of the copper produnta ia taken from that by Pro- 
te^60T KnblemanD of the Clausthal School of Mioes, in the Freuss. Zeitschrift fUr U r^;, 
a&tten und tiaboen Vfesen, 1871. 
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iron safficiently to insure its xemoyaL Sulphur is then added to the charge in 
the form-, as aboTo stated, of bariTiia sulphate, and by tbis method copper mntte, 
of a high degree of concentration, and of a parity that is haidly attempted else* 
where than at Freil^erg, is obtained. 

In i-oasting, the charge is 1,100 — 1,1^ pounds of matte every three hours ; or 
8.800—11,320 pounds in twenty-four hours. The furnace is kept cooler than 
witu oxvB or other matte, because the copper matte is very liable to soften and 
csinter. Of coal 30—36 pel. cent is used, but it is of yery poor quality, coutiin- 
ing 20—25 per cent of ash. 

The produ t contains copper oxide, ba^ic copper sulphate, iron oude, basic 
iron si iphate, metaUic silver, silver oxide, lead sulphate, zinc oxide, nickel 
oxide, cobalt ( xide, and arsenic and antimony salts. 

This is fused in a reverberatory of the kind described wben speaking of the 
preparatory ope];ations. The sides, formed of day and quartz sand, ture repaired 
after every two or three operations, because the slag, being a singulo siii -ate. 
attacks them rapidly. The charge weighs 3,630—3.960 pounds. Immadiately 
after charging t'iC lumaoe is fired a^hotly as possible for 4 -5 hours, when th^ 
charge is btirred, and when the matte has settled, the ficoi*ia is raketi off. the 
matte remaining behind. A second charge is immediately xtxada, and when the 
scoria Irom that has been drawn off. a third. Not until the matte of three 
charges has collected is it tapped. Five charges are made in tweuty-four hours. 
The following is the composition of a charge : — 

Chiirge :— Boasted matte lOO 

H w copper \irom same opera iou).. 14—27 
Black copper (from same opeHhtion) . . 23 

Barium sulphate 25-30 

Baw quartzose dry tires. . • • 14 -23 

Sometimes fluor spar is added to make the sla;^ more fusible. 
Products :—BIa k copper, containing lead, 0-50- 0-60 per cent silver, 20-26 
learl, 60—60 per cent copr er. 
Concentrated maite : 0-29— -40 per cent ^ ilver, 3 — 7 p* r cent lead, 
70 — 73 per cen». copper. This product is the one for which the 
operation is undertakdu 
Copper matte : 0*30—0*40 per cent silver, 9 percent, lead, 60 per 
cent copper. 
Of these products the black copper and copper matte are ri^turned raw to the 
same operation. 

There was an apparerU loss of 0*26 per cent silver, and 0*05 per cent copper, 
and anapparent gain of 21*85 per cent lead, and 296*35 per cent gold. This 
arises from the factthat both the dry ores and scoria contained lead and silver 
which was in too small quantity to be accounted for by the assayer, as in keep- 
ing the books of the establishment each process is charged and credi ed with the 
materials it receives and delivers On the same principles which govern the pur- 
chase of ores. The figures of loss and profit are, therefore, Lot reJ, but 
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The resnlting concentrated matte contained, by analysis : 

Copper 764 Iron 0-14 

Lead ; 4-2 Sulphur 1405—9508 

Silver 0-29 

In this specimen the percentage of copper is somewhat aboye the average. An 
average matte contains 69—74 per Cent, copper, 0*2 per cent nickel and cobalt, 
and 0.5—1 per cent arsenic and antimony. 

Tbin matte is now treated with hot sulphuric acid to extract the copper. It is 
first stamped dry and sifted through a mesh of about 32 to the square inch in 
order to separate the metallic copper always existing in a matte of so high a 
grada This metallic co per, if allowed to remain, would pats through the) dis- 
8 Iving process almost undi^<solved, since the Ume of that oper tion is calculated 
for the solution of coftper oxide, which is much quicker than that of the metal 
The (.owdered matte is then roasted d ad in an Augustin muffle furnace that has 
three h&irths and is so arranged that the hot gases can be shut off wholly or { ai'tly 
from the middle hearth, the object being to protect the fresh charge trom the 
action of the hot gases. If too hot, the matte might soften saffieieutly to sinter. 
One charge only of 1,000 pounds is at one time in the furnace, which for six 
hours is kept qmte dark, the heat being then increased for three hours to inci- 
pient whitauess, which is kepi up for three hours more under constant stirring 
of the matte. The <^arge remains sixteen hours in the furnaces, und its sul- 
>jhur is reduced to 1 per cent The roasted ore should be bluish black ft cm 
copper oxide and not reddish brown which would indicate iron oxide. Labor 
amounts to about six days to 2 000 ) ounds, and of coal, which mu.it be of the 
best quality, 110-Tl20per ceut is consumed. 

The r> asted matte is sifted to remove the lumps formed in roasting. The iC 
enclose raw particles which would I'ass unchanged through the dissolving pro- 
cess and add to the amount ot the argentiferous residues. These coarse panicles 
are stumped and re-roasted ; the fine part is ground in mills and boltod. It 
consists of oxides of copper, iron, nickel, colmlt and lead, metiUlic copper, silver 
and gold ; a small quantity of sulphates of copper and lead ; and some aiiienio 
and antimony salts. 

When this is boiled with sulphuric acid the oxides are dissolved, but metallic 
copper, silver and gold mostly remain as a residue. If silver is dissolved it is re- 
precipitated by the copper present. Arsenic and antimony salts are broken up, 
the arsenic remaining in the liquor as free arsenious acid, and the antimony as 
antimonic hydrate which partly falls. 

The solution of the oxides takes place in thick vats of hard lead, having a 
capacity oC 1-25 ou}^c meters^ qr aboi^t ^ cubic feet They are 1.1 meter, high 
and 1.22—1 "SO meters in diameter Kaw chamber acid of 49 —50^ B. is tot intro- 
duced to the height of 0.36 meters, and super heated steam is blown in until the 
liquor boils. This dilutes it somewhat. The pondered matte is gr duiUly added 
by means of percussion troughs, during which the whole is stirred constantly. 
One of the drjiwbacks of the Freiberg method is the tendency of the matte to 
lump together, thus ii^creasing the amount of residue. Boiling is continued 
fbr an hour and a half, when the vat is filled up with mother hquor trom the 
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eiystallization tanks, and the boiling contioned. The solution then marks 3$^ B. 
It is allowed to settle for two honrs, and the clear liquor is then drawn off by a* 
qrphon to the clarifying vats, and afterwards to the crystallization tanks. The 
entire operation lasts five hours, and with four dissolving vats 3,630 pounds of 
matte are treated in twenty-four hours. 

Crystallization continues for nine days, ^e first vitriol fontfed —about one 
quaiter of the whole— got s to the market as raw ritrioL The remaining three 
quatters is re-dissolved, filtered through granulated copper to remove the in- 
soluble residue, aud also precipitate any silver tt^it may be in solution, and 
recrystallized. This operation also ti^es nine days. The new liquor is nearly 
neutral, and the crystals are very large ; they are washed to remove a brown 
coatiog, and dried. 

The yearly production is about 2,300,000 pounds, firom 880,000 pounds of 
matte. The number of vats is eight, aotf of crystallization tanks 104. 

The mother Lquor is concentrated by boiling, and a new crop of crystals taken. 
These contain 0.035 per cent of iron. The mother liquor is now very rich in 
iron, but it also contains two pounds of coppt r to the cubic foot. It is used as 
a cementing liquor in making fine pyritiferous ore into bricks. By this means 
the copper is returned to the process. 

The lUniclurs contain the silver. Th y are washed^ filtered and dried, and 
form about 17 per cent of the concentrated matte. Their composition in 1860 
was about 1.94 per cent silver, 41 pet cent lead and 11 per cent copper ; but 
the proportion oi copper has since then been reduced to 5 per cent, by using 
stronger acid. The percentage bf leikd is large, because the sulphate of this metii 
is entirely insoluble, and lead sulphate is formed by the action of the sulphuiio 
acid. These residues are added to the first fusion for lead. 

The balance sheet, reckoaed upon 100 p^trts by wtight of concentrated matte, is 
as follows : 

Charge :— Concentrated matte 100 

Shett copper 22—122 

Baw chamber acid reduc< d to eG"" B (by weight) 196*7— 1967 

Products :— Copper sulphate 251 38 

Besidues 16 -41 

Mother liquoit=3 pounds copper per cubic foot. . . . 68cabiofe. t 
Da do. ferruginous, for bricks, 21bs copper per 

cubic foot 180 *• 

La^tor :— Boasting, days of twenty-four hours, 16 

Extraction, •* 7 65 — 23' 65 . 

Fuel .—Boasting 116-6 ' 

Heating boiler 124*5 

*• liquor 100«8 . 

Drying crystals « 20-0 

** residues 6'3*-^868*2 

If to the above 251*38 cwt of copper sulphate from 100 cwt of concentrated 
matte we add the 8 cwt, to be extracted from the 68 cubic feet of 3-pound 
mother liquor, we have a total of 259-38 cwt of copper sulphate from 71 5 cwt 
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of coj^erin toe matte. The make is, therefore, 362*8 per cent., and 100 parts 
of copper require 1761 parts of aoid of 66^ B, to make 362*8 parts of 
copper sulphate. This proportion of acid is 21-5 parts in excess of that de- 
manded by chemical laws, an excess ^hich is accounted for by the acid takea 
up by the lead oxid4. 

It should be remembered that the coal used contains for the most part 20—30 
per cent, of ash ; the remainder holding 8—10 per cent. All of it has about 8 
per cent, of water. 

The loss amounted to 8-10 per cent, gold, 0-65 per cent silTer, and 0*64 per 
cent copper. The gain was 20*48 per cent lead, these amounts, as belore said, 
not representing real loss or gain, but the commercial values of the materials 
treated and the products obtamed. 



Among those operations whieh, in the early part of this paper, were referred to 
as merely supplementary to the regular course of the process are the Treatment 
of the Hard Lead ; Manufacture of Arsenic ; Extraction of Bismulh ; Separation 
of Gold and Extraction of Platinum. 

The material treated in these operations conststs of : 1. First abntrich frcpi the 
refining of the lead ; 2. Crude arsenic firom the arsenic ores ; 3. Litharge and 
hearth, containing bismuth, from the cupeUation ; and 4. The alloy of gold, sil^ 
Ter and platinum obtained in cupeUation. 

l>3'dveruaiion(^iheab8tridi:^The abstrich, which forms about 19 per cent, 
of the lead obtained from the blast ftimaces, contains 5—6 per cent antimony, 
6—7 per cent arsenic, and 0*2 per cent copper. It is mixed with 3—4 per cent 
coal, and heated in a reyerberatory furnace. By this method a small quantity of 
the abstrich is reduced to lead, which is much richer in silyer than the part of 
th& abstrich which remains unreduced. The products are : 
Lead, which goes to the lead^treatment 
Desilvered abstrichssO-OOl per cent silver, 8 per cent antimony, 7 per cent 

arsenic, and 0*17 per cent copper ; to treatment of hard lead. 
FusUmfor hard lead .-—This desilvered abstrich is charged in a shaft furnace, 
the charge being as follows : 

Charge :— 100 Desilvered abstrich. 

25 Slrfg from fusion for lead. 
5 Fluor spar. 
Products : 
Hard loadsss:0-01 per cent, silver, 9 — ^14 per cent antimony, 3 per cent, arseoic, 

and 0*4 per cent copper. To refining. 
Abstrich scoria=15 per cent. lead. 

Treatment of abstrich scoria .'—It is ftised again with 25 per cent slag from the 
fusion for h ad, and 5 per cent fluor spar. The products are hard lead, which 
is added to that obtained in the last operation ; and 2d, abstrich scoria, which is 
sent to the fusion of matte. 

Burning of Hard Lead .-—The hard lead obtained in the last two ftisions is r^ 
fined in a reverberatoiy. Arsenic and copper are more easily oxidized than lead 
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and antimoDy, and two products are obtauK-d, one rich in the former, fnd flie 
other in the latter metals. i?he8e products are : 
1. Befiued hard lead;=9 — 14 per oent antimony. 2 per oeni annniOy 0-15 pev 

cent, copper. To poling:. 
S. ScrapB=12 per cent antimony, 4 per cent, arsenic, and 9 per oent. copped* 
This is reiineed to metal by fusion with 25 per cent lead Bcufio, 
and 5 per cent, fluor, in a uhafl inmace. 
PoUng of JBdrd Lead:— Tina operation, by which th'^ amount of arsenic is still 
farther reduced, consists of plunging green wood into the melted lead contained 
in a Pattinson ketde. The result is : 

1. Lead scraps. 

2. Marketable Hard lead=9— 15 per oent antimony, 1 '2^1*8 per oent arsenie^ 

0*16 per cent, copper, 

7he object of these repeated operations is to separate the arsenic and obtain a 
lead, the hardness of which sh 11 be due mainly to antimony, as this is the con- 
stituent which makes this impure lead Taluable. 

Manufacture isf ^r«enic Refining ;— The production of commercial arsenic from 
arsenical residues of the sulphuric acid process, and from fine dast, wap men- 
tioned in treating of the preliminary operations, for the reason that these pro- 
ducts are mixed with the ores of the metal, and the two classes of operations are 
iubeparable. Therefore to that description remains to be added only the procei« 
of refining, It is only the arsenic made front ores that r quires refining, t^ 
product obtained from the flue dust being already soffidentiy pure. The formev 
is refined by redistillation in closed kettles. These kettles must be made of aA 
iron containing as little carbon as possible, sinee the oarbon will darken the 
glaf^s by reducing a part of the arsenioos acid to a lower degree of oxidation. 
The kettles serve for 160 charges, though made very thin. There are two setts, 
each containing 5 kettles ; the labor amounts to 1 man to each sett Yellow aitte- 
nic is made from white by adding a small quantity of sulphur. The intensity of 
color depends upon the proportion of sulphur, and the quantity of the latter is 
usually 2 per oent 

2hs EdraeUon qf ^ismuifc.*— Only a very smaU part of the ore contains bismuth 
in sufficient quantity to warrant any payment for the metal But minute quanti- 
iietk so small as to escape the assayer, or, at all events, too small to be worth 
reckoning in the price, are found in much of the ore. The bismuth is reduced 
like the lead, and follows that metal in all the manipulations up to cnpella:ion. 
It is, however, more difficult to oxidize than lead, but less so than silver. The 
first portions of lead oxidized in the cupel ftimace, therefore, contain no bis- 
muth, but when the lead is enriched to about 50 p«>r cent silver, the bismuth 
also begins to oxidize^ and is found in the litharge and hearth. 

These produces Are placed in Isxge earthen jars, of 10 cubic feet capa'city, and 
treated with diluted hydrochloric acid, the proportions being 100 lbs. litharge 
and hearth to 120 lbs. acid. The acid remains 5- -6 hours, or until the beat 
arising from the chemical action subsides. The jar is then filled up with cold 
water and the contents well stirred, a ter which they are suffered to rest for 1^ 
hours and the clear liquid is then drawn ofi by means of a syphon, into a tank 
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. holding 50 cnbio feet. This tank is filled up with cold water, which throws down 
basic bismuth chloride hydrate. 

The residues are treated 9 or 10 times with quantities of acid decreasing from 
20 to 5 lbs., and the liquor is as before drawn off ii^to the large tank. 

The basic bismuth' chloride is fused in iron crucibles witli soda carbonate, coal 
and quartz. In 1868 the production of bismuth was about 44,000 lbs., worth 
nearly $3 25 a pound. The direct cost ot manufacture was only 65 cents a 
pouikd,' not counting in the extra amount of cupel hearth, which is produced by 
dividing the cupellation into two operations. 

The separation of gold and platinum was included in the treatment of the sil- 
T». These operations do not differ from the ordinary methods, and hardly 
oome withio the province of this paper, which is intended to exhibit Freiberg as 
a lead and copper producing establishment 

In reviewing the processes in use at Freiberg, it is eyident that with all their 
exoellenoes, some of them have great defects. Many of the lesser operations CTince 
an amount of skill and of sdentifio ingenuity which is rarely met with. But on 
the other hand, the most important of all the operations — the fusion for lead — 
is carried on in a way not to be commended. One of the chief purcoses of a 
fusion of ores is, in nearly all, cases, to dispose once and for all of that portion 
of the pre which is of no value— the gangue . It is of import»nce to get out m 
much metal at one fu&ion as poss ble, but it is of at least equal importanoe 
to produce in the first operation a slag which is sufAciently poor to bo 
thrown away. This is rot done at Freiberg. The products from the fusion of 
lead ore all require ra-smelting. That is inevitable with the lead and the matte, 
for by the nature of the case both have valuable constituents, which must be sep- 
arated. But the slag is rennneltod only because it has about 5 per cent of lead» 
and slags are not usually considered worthless until their proportion of lead hua 
been reduced to li per cent., or less. If we assume tVese products to be in the 
proportion of 28 lead, 25 matte, and 47 slag, we see that fuUy one-third of the 
ore ought to leave the treatment once for all at this step ; it should be thrown 
away as usele^is slag. The fact that it is not thrown away entails considerable 
expense of, ftiel and labor. If it were possible to reject at once 33 of the 47 per 
oent of slag, the saving in fuel alone would amount to at least 3 per cent, of tho 
original ore. 

The fault of the operation is the formation of a basic slag. To this is due the 
retention of so much lead. Basic slags are, as a rule, avoided in lead smelting; 
the slag from lead works in all quarters of the world having, with tolerable uni- 
f >>miity, pretty nearly the composition of a bisilicate. The composition of worth- 
less lead slags may, as a rule, be put at 35—40 per cent, silica, and over 40 per 
oent iron oxide, the remainder being bases of various kinds. In many works 
the amount of zinc closely approaches that in the Freiberg slag. These f&cts in- 
dicate that to place the lead treatment at Freiberg on a par with that of o her 
works, it is necessary to increase the proportion of silica in the charge without 
lowering that of iron oxide ; that is, the slag must be raised from a i roto>siUcat« 
(nearly), as at present, to one that is nearly a bi-silicate. The problem is then, la 
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Ibere any means of doing thlB? Bifflcnlt as U is to prescribe means of working 
in an establishment so distant as the great Saxon works, and daring as is the task 
of criticizing the management of men so able and so experienced as those who 
control it, it still seems to. me possible to indicate a theoretical method of reform- 
in$; this process. Whether that reformation is practicable is a quetftion of dollars 
and cents, which only the most intimate acquaintance with the ^pecial conditions 
of Freiberg can determine. 

The Freiberg mines are sitnated in the midst of a great field of gneiss, of which 
three kinds are distinguished. The composition of these is given by Sohexbfr 
as follows : 

I. IL III. Mean. 

Silica 6526 70-75 76-24 70f5 

Titanic acid 0-95 60 0-20 0-55 

Clay 14-82 13-70 12-86 13 79 

Ironoxide ) 6-20 617 2-34 4-57 

Manganese ozida f 

Lime 2-98 208 95 200 

Magnesia 1*88 1-07 . 36 110 

Potassa 393 3 84 4-86 4 04 

Soda 2-43 2-42 230 2*38 

Water 1:06 103 68 0-92 

99-to 10006 9980 99-80 

Here, then, we have a substance capable of supplying the needed silica. But. 
if this alone were added to the charge, the amount of iron would be decreased, 
and the ayerage given by KAsrand Bbaunino for the Mulduer slag (40 per cent 
iron oxide) is already as low as it ought to be. Iron must be added in some 
form, and probably the cheapest supply could be obtained at the iron works in 
the neighborhood of Freiberg. Both puddl(< and reheating slag can be bad and 
in quantity sufficient to satisfy the demands even of workn that treat 25,000 — 
30,000 tons of ore a year. This material can be had by paying the expense of 
removal, which, from Gamsdort; would be, delivt^red at Freiberg, about $1 a ton. 
There are other works nearer Freiberg, from which the same sing could probably 
be obtained at less cost 

At present a large amount of slag from the same operation is smelted with the 
ore. It yields nothing, for it leaves the furrace with jusr as much lead as it had 
when it entered. But it makes the fusion easier, and also regulates the run by 
diluting any impurity in the ore— as an exceptional amount of zinc oxide. If 
this charge of slag were entirely or partially replaced l>y a proper >i mount of the 
gneiss and the iron slag, the composition of the. cha^e could be' regulated at 
will and without increasing the amount of material treated. Lei us see what the 
proper proportion would be. 

Hie mean composition of the reheating and paddle slag may be taken, in the 
absence of analyses, at 60 iron oxide and 40 silica. Assuming that it is desired 
to make a lead slag containing 38 silica and 45 iron oxide, the amount of the two 
fluxes necessary to transform 100 parts of the present Muldner slag into a slag ol 
the new composition is the following : 
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Mnldner slag. OneisB. Iron dag. 

100 parts. 20 parts. 85 parts. l\>taL 

SiHea 81 U 84 79 

Ironoxide 41 1 51 9S 

Oiherbases 28 5 33 

los 

These melted together would give a slag containing, in round numbers, siUoA 
38*5, iron oxide 45*3 ^nd other bases 16*2 per cent According to Kavt and 
BmLwtsq, 100 parts of ore and matte in the lead process yield about 25 lead and 
23 matte. The slag must therefore amount to about 50 per coni of the ore and 
matte in the charge. Calculating the amount of the p^'oposed flaxes to be add<>d 
to 100 parts of lead ore. roasted pyrites and matte, as usually charged at the 
Huldner works, we ha^e the following quantities required : 

New charge Old charge. 

Muldner ore» etc 100 100 

Gneiss 10 

Bebeat and pud. slag. 43 

Slag from same operation 10 80~ 75 

In this estimate, which is not meant to be exact, no account has been taken of 
the basic fluxes— limestone and fluor spar— qiow added to the charge, and which, 
of course, would be useless in the new charga The removal of these would de- 
. crease to some extent the amount of gneiss required. 

It is well known that the Aision of raw fluxes costs more fuel and requires a 
higher temperature than that of fluxes which have already been melted. But in 
the proposed chaige the am< unt of gneiss is too small (7 per cent, of the whole 
charge, or l ss) to alter the present conditions of the furnace materially. It is 
quite probable, in flict, that the reduction of the zinc oxide in the slag by one- 
third, and the production of a more fusible slag, would fdlly neutralize the dis- 
advantage of smelting down the small quantity of raw flux required. 

One of the greatest difficulties met with at Freiberg is the amount of zino 
present in the charge. Cure hns to be taken to manage the previous roasting, 
and the composition of the shaf furnace charge, so thHt only a part of the zino 
shall pass into the slag and part into the matte. When the amount of zinc oxide 
is right the old slag repassed has no effect upon it, for it contains just as much 
of the zinc oxide as the charge has. But tbe addition of fresh material would be 
of great af^vantage, for it would take up its share of the zinc and thus lower the 
percentage in the whole amount of slag. If tbe slag from 100 ore, without gneiss 
and iron slag, contains 10 per cent of zinc oxide, that made from the same ore^ 
with an addition of 53 parts of those fluxes, would contain only about 6-5 per 
4)ent 

A slag of this kind, formed according to the principles which have been proved 
in numberless works, and containing a not excessive amount of zinc, ought to be 
Rufficiently poor in lead to be at once thrown away. In ytoof of this, and as an 
indication of what results spring from comparatively slight changes in the com- 
poitit^on of slags, I will cite again the analyses of tLe lead slag fSrom the first 
laaatte fusion, as it is thrown away, at the Muldner and HalsbrUcke works : 
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Muldner. HalsbrtLcka 

Silica 29-7 84.1 

Zittooride 85 7*6 

Leadoxi'ie 2*5 1*0 

Silver 0025 0-0016 

Lead oxide in preyioas ore slag. , . . 67 1*37 

The Ha'sbrttcke slag, it will be observed, has aboat the composition of the 
ideal slag proposed above. ' 

The Freiberg metallurgistB maj have some occalt reason for smelting their ore 
twice over. It is not to ba supposed that with such excellent materials for flax 
'about them they have considered themselves force 1 to the course they have 
taken. Bot what those reasons are no traveller has yet discovered. The Frei- 
berg works are a splendid example of the success with which the products of a 
large mining district may be treated in one or two works ; and the explanation' 
of the faulty lead process has usually been sought for in the diversity and difEl-^ 
culty of the ores subjected to it. That, however, as before remarked, cannot bo 
the case, and it is to be hoped that among the valuable treatises on metallurgy 
which occasionally come &om the great mining; town of Saxony, there will some 
day be one which will let the outer world into the secret of the present i^ystem. 
At present Freiberg may fairly be said to be pursuing one path and the rest o| 
the world another. The reasons lor a course so singular must lie, either in gen- 
eral principles or in special conditions of ihe place ; if the former, it might aid 
the cau£6 of mining in the world to know what these principles ardt 



The Lead and Silver Works of the Hartz 
Mountains. 

The mining region of the Hartz mountains* is second in importance to that of 
Saxony alone. Indeed, if the Mansfield copper mines are added to the silver, lead 
and copper mines of the Upper Hartz we have a district which is in every respect 
— extent, value of product, number of workmen and intelligent methods of work— - 
the equal of any other similar region in the world. The subject of the present 
paper is the smelting operations at Glausthal, Lautenthal and Altenan. In former 
times the " Upper Hariz" was a name given to the works at Glausthal, Lauten- 
thal, Altenauand Andreasberg, each of which had a completely famished smelting 
establishment where argentiferous lead ores could be resolved into merchantable 
lead, silver and copper. When the district passed into the hands of the Prussians 
in consequence of the war of 1866, changes were made which placed the region 
very much higher than it had ever been in the sc le of importance. The mines 

• Changes have followed each other so rapidly in the Hartz that almost every year 
has brouglit out some new process or impoi-tant modification of old methods. The 
above notes, therefore Jihough based on personal observation, have been mainly drawn 
ftom the writings of KooH, Wedding and Bbmvuisq and Kuhlehann. With the 
exception of Dr. Weddino all of these gentlemen are actively engaged m the works 
they nave described. 
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were worked more vigorously, and plans were laid out for Increasing the amount 
of ore treated to 400,t00 centners or 20,000 tons (of 2.000 lbs.) per year. Tbe 
work of tbe several establishments was redistiibnted, and fdndamentol changes 
were made in nearly every brancli of the treatment Glansthal was made an 
establishment chieflly for the treatm nt of the ort*, Lantenthal for the separa- 
tion o> the silver from the rich lead, and Altenau for the copper process. Andreas- 
berg alone, on account of the peculiarly rich arsenical ores found there, retained 
its old works, sending, however, all its copper matte to Altenau« While these 
changes were in contemplation the introduction, firdt of the Rachette, and then 
of the East furnace, compelled some delay in order to study the performance of 
the new apparatus, and though years^have passed, the alterations are hardly yet 
.folly oatzied out. 

THE WOBKS AT CLAUSTHAL. 
First in the series comes Clausthal where the ore is ran down to metallic lead 
and copper matte. The process in use is one which was invented at Clausthal, 
and which though often derided, has probably had mo* e influouce upon the 
smelting of galena ores throughout the world than any other.. It is the method 
known as precipitation. Galena,' which is the main constituent of the hartz 
ores consists of lead and sulphur. In all the works hitherto described in these 
notes the sulphur has been removed chiefly by combining it with oxygen— 
roasting. At Clausthal iron is used instead of oxygen. At first the mctiJ was 
used direct, but it was afterwards found that a silicate rich in iron oxide served 
not only as well but better than the mettvl itself, and inasmuch as there were 
large stores of such silicate containing }<mall umounts of copper and silver which 
could be had for the mere cost ot transportation, the discovery was one of great 
importance. Finally another moliflcatiou was made which now forms 13x0 
existing mode of treatment 

One of the fundamental differences between the removal of sulphur by oxygen 
and by iron is that in the former case the product is volatile and passes directly 
out of our hands as a gas, while in the latter it is a solid, called matte If it 
were possible to produce a matte containing nothing but iron and sulphur there 
would be absolutely no drawback to the precipitation as a process for pure lead 
ores, lor the matte could be thrown away and the sulphur thus removed from the 
process. But a matte produced by smultlng load ores always contains lead, and 
if silver and copper are also present these metals always pass into the matte in 
quantity suffltcieut to make their extraction a ne ^essity. The mode of this ex- 
traction is tlie same throughout ihe world. There is no substince available to 
the metallurgist which will take the sqlphnr from the iron in the matte as the 
iron has taken it from the lead in the ore, except one-^that is oiygen— and mattss, 
therefore, are everywhere roasted. The oxidation of the sulphur is accompanied 
by oxidation of the iron, and as this is the first step toward the formation of a 
silicate, it is only necessaiy to melt the roasted matte with quartz in order to 
remove the oxidized iron in the form of a slag. This treatu^eut of the matte is 
a Bbrious item of expense. 

T^e certainty that the matte will contain the copper is by no means an evil. 
On the contrary, were it not so the metallurgist would be puzzled to know how to 
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separate his ooppei: from the lead. The whole treatment of snlphldeB oontainingj 
copper is based upon the chemicid &ct that oopper and stilpfaar will in all oasoi> 
unite in the Airnace, provided the amount of snlphor present is not siifficient for 
both the iron and the copper ; the former can be removed by the addition of 
quartz, a slag being the result. This action Is so certain that the metallurgist, 
who has a copper matte which has been roasted " dead," that is, has had all the 
sulphur removed and the copper and iron completely transformed to oxides, would 
have no hesitation in charging it in a furnace with an iron pyrites containing 
only quarts iron and sulphur, and no copper at aU. The result in all cases is 
that the oopper unites with the sulphur and the quartz with the iron oxide. 

In the Kartz, the treatment of ore and matte forms one operation. Instead of 
melting the ore with a slag rich in iron, to remove the sulphur, and melting the 
roasted matte with another slag ri«^h in silica, to remove the iron oxide, th<^y 
combine the two processes and melt the ore and the roasted matte together. As 
the ore contains both quartz and sulphur ihe oxidized iron passes partly into 
the slag with one and partly into a new matte with the other. The matte, 
therefore, makes a continuous round, being roasted and re-smelted with the ore 
five or six times. • 

It is easy to see that this is really no more nor less than a roasting process, 
though the roasting is transferred from the ore to a matte. There are two ad- 
vantages to be obtained from this treatment. One is the less bulk of the matto 
to be roasted, amounting to not more than hidf, or at most» two-thirds the ore. 
Hie other is that the sulphides of iron are in all cases much easier and che;iper 
to roast than the sulphides of lead. They contain more sulphur, require less 
fuel, and present less liability to sintering and imperfect roasting. Other im- 
portant advantages are, first, that the lead and silver having been mostly re- 
moved, the loss from volatilization is much less, and, second, that the sulphur in 
the matte can be utilized by making sulphuric acid from it, while the ore is 
useless for that purpose because it contains so little sulphur. 

The ore treated at Olausthal had, according to Kooh (ld^}| the following 
composition : 

71.676 per cent lead sulphide or 62,07 lead, 
copper sulphide 0.73 copper, 
zinc sulphide, 
antimony sulphide, 
iron sulphide. 

silver sulphide or 0.008 silvex; 
iron carbonate. 

alumina } 

lime carbonatdi 
baryta sulphato. 
magnesia. 
siUia. 

This Is a mixture of ores obtained from a great number of mines, And the 
occasional preponderance of ore from some one mine will sometimes a'ter the 
composition of the diarges smelted for a few days. The usual compositioii 
of the charge, as at first established, may, however, be ascertained from 
the following quantities which were smelted during the months of July^ 
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Angost, and September, 1866. Thd qnantitiM ure hanclredwdglitg of 
110 English pounds. The proportions of hearth and rich lithaige are worth 
noticing, for the Olanstbal works nse the German onpel hearth, and these are 
therefore the proportions in which onpel scraps are produced in treating a 62 
per cent ore, by this method : 

Per ton. 

Ore ..SMOOcwt 100 aOOOIh. 

Boasted matte 17,505 „ 52i 1060 „ 

Copper slag 2*2,248 „ 66} 1332 „ 

Slag from same operation55,5ia „ 166i 8332 ,» 

Cupel hearth , 1,112 „ 8 6 tt 

Siehlitherage... ..624 ,» 2 3 ,, 

Scraps 262 „ 0| IJ „ 

Diiys' labor (12 h) 1,002 81 3-5ths day 

This is therefore an expense of a three-fifths of a day's labor, and 944 pounds of 
eoke per ton of ore. The cause of this large expense of fuel is the use of so 
much flux, amounting to 284 per eeni of the ore. This excessiye proportion of 
flux is one of th*e peculiarities of the Hartz. Nowhere el^e is it used in such pro- 
•fusion, but innumerable attempts to reduce it there have, without exception, 
failed. When slag is used as a precipitating material a bulky charge is the 
necessary result, but even when metallic iron was the precipitating agent, 121 
per cent, of blag was added to the ore. The causes of this peculiarity have neTor 
been published. 

Considerable changes have been made in the above proportions, the chief of 
which was to cut down the^ amount of slag from the same operation repassed, to 
75 and 70 per cent, which reduced the flux and precipitating material to 190 per 
cent, of the ore. The charge at one time was made up of 100 ore, 50 roasted 
matte, 70 copper slag, and 70 lead slag, smelted with about 43 coke. It was 
found, however, that with these proportions the matte became so rich in copper 
as to part with some of that metal to the lead. The roasted matte obtained from 
ore smelted with slags alone contained 3 per cent, of copper, which rose to 8 and 
even 9 per cent by re-iusion with ore and the lead instead of 0.3 per cent, aa 
formerly, contained 0.6 to 0.7 per cent of copper. This increased tiie difficulty 
and coat of desilverization, and the proportion of roasted matte was diminished 
to 28 per cent of the ore. The exact composition of the new charge I haye not 
been alle to obtain, but it is probably about the following : Ore 100, roasted 
matte 28, slags 150-170. After tlie change the copper in the matte sank to 5i 
per cent, and in the lead to 0.4 and 0.6 per cent 
The products dux ng the above-mentioned three months were 

From 100 Ore 

Leaa, 21,380 cwt 65i 

Matte,24,253 „ 72f 

The three methods of treatment sucosbsively used at Olauslhal, have given the 
following results in regard to product : 

"With metalic iron. With copper slag. With roasted matte. 

Lead, 54 65 65i and 65 

llatte,44. 65 72|aud6a 
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/ 
The simplicity of this pxedpitfttion m^tihod would reoommend it in neflody all 
oases were it not for the large increase of cost which results from using so much 
flax, and the production of so much matte. Thf practice of adding puddle and 
reheating cinder to lead ores in the shaft furnace, is now so common that the 
bneineBs of lead smelting has, in some regions, almost beoome auxilliary to the 
manu&oture of iron. ' Under these circumstances it is always a question whether 
the operation of roasting, costly in plant and in practice, cannot be supplanted 
by merely increasing the proportion of iron flux, and re-charging the matte 
formed. In those cases where ores, pure in lead and rich in silver, are smelted 
for the silver they contain, and there is therefore no desire to keep the lead puro, 
it seems probable that this method would be found decidedly advantageous. 

The lead obtained is not pure. Analysei of the^ead and matte given by EocH, 
are as follows ; although obtained by the former precipitation with copper slog, 
they fairly represent the same products from the present process. 

Lead. Matte. 



Antimony 

Copper 

Iron .. , 

Zinc 

Bilver 


0.618 

0.276 

0.0()2 

0.008 

0.127 


0.350 
4.392 
55.720 
1.125 
0.029 


Lead 

Bolphur 


... . 98.969 


7.984 
29.546 



100 99.146 

The slag is maintained with great regularity between a proto-and a bi-silicate.' 
It is rich in iron, very poor in lead, and can be thrown away at once. On]y a 
very small portion— that which soUdifles in. the fore hearth — must be re-charged 
on account of grains of lead and matte mechanically contained in it The fol- 
lowing is an analysis of this ordinary slag : 

8iUca« 43.60 Magnesia 1.56 

Iron oxide 31.68 Lead oxide 0.70 

Alumina 15.50 Silver oxide 0.000087 

Lime..... 6.50 



99.54087. 
The fdmaoes in which the fusion takes place are of two kinds, the round or 
Kast fdmace, and the Bachette. The round furnaces at Clansthai form an 
interesting series of experiments in the most recent progreiEBS of lead metallurgy. 
The principles which were introduced into the construction of lead furnaces by 
the English in Spain, 30 years ago or more, and have been modified by Pfandbb- 
HsmKV, PiLTZ, and others; have also made their way to GlausthaL Five round 
fomaces of various dimensions and construction are fouDd there. One of the 
peculiarities of the Clausthal system of smelting is that the ore must be in the 
form of powder, and this formerly caused so much dast that from 5 to 8 per 
cent was taken from the dust chambers. This gave rise to^a veiy unusual mode 
of building the furnaces. A row of heavy brick piers was built, and the inter- 
vening spaces arched over. On these arches was raised a line of dust chambers, 
which not being intended to condense volatilized lead, but merely to give the 
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fine dust opportanity to settle, eonld be placed immediately orer the %mices. 
But the resalt of this mode of construction was to place a limit to the size of the 
farnace which could be built between two of the piers, and when the new doctrines 
in farnace building began to spread Mr. East, director at the smelting works at 
Clauathal, had to experiment to ascertain what were the smallest diameters that 
would prevent the dust from flying out of his furnaces. At first a furnace 3 
feet in diameter at the tuyeres and 4 feet at the top was buUt, but the amount of 
dust was still excessive. Then the diameter at the mouth was increased to 4^ 
feet, which caused a reduction of the flue dust to 2 per cent. The slowness of 
the ascending current of gas in the upper port of the furnace also affects 'very 
fjEtvorably the utilization of the cok% and the amount of material run through in 
a day. The following table gives a comparison of the four round furnaces v^ith 
a Bachette. All of the round furnaces have the same diam^r at the tuyeres, 3 
foet, and the same height, 21 foet The diameter oi the Bachette at the tuyeres 
u also 3 feet.^ 

Diameter at Coke per 100 ore. Flue dust Time to am'^lt 

mouth. ll,Ono lb«, ore. 

No. 1 . . . .4ft 2in. 42.39 2.8 per cent. 73.2 hours. 

No. 2.... 4ft. Sin. 41.85 2.1 " 71.8 •* 

No. 3.,..5ft0in. 41.74 1.7 * 71.2 " 

No. 4....5ft 3in. 41.62 1.1 «« 69.2 '* 

Bachette..4ft 9in. 44.3 1 •• 93.2 *« 

The round furnaces, called also East furnaces, after the Director of the works, 
do not differ from the general fype of modem lead furnaces, except that, being 
built between piers of masonry, they are not approachable on all sides. They 
are made with fore hearth, over the dam of which the slag runs without cessation. 
The number of tuyeres ranges from 4 to 7. 

Like so many lead furnaces in Europe, these are built' of ordinary red brick, 
only a few fire brick being placed around the tuyeres, and these are in fact often 
omitted. These fumaccB have made an uninterrupted campaign of 2 or 3 ye^irs, 
a result which is due to the accuracy with which the composition of the slag is 
calculated and maintained. The ore and flux are spread out in layers upon each 
other on the floor at the furnace mouth, an^ chai*ged equally over the whole 
surface of the furnace, the coke being spread out in the same way. The pressure 
of air is 10 to 12 lines of mercury, 
ipigures 12 to 14 give sections of the East furnaces. The dimensions of one are 

Height 20ft 

Diautetef at mouth 5ft 

Do. at tuyeres 3ft 

Do. at sole 2ft 4in. 

Number of tuyeres.... 4 

Pressure of blast. 11 — 14.1ines of mercury. 

They are open at the mouth, having no hopper nor cylinder. The ore and 
coke ass spread evenly over the surface, the ore being thrown from wooden 
troughs, and the coke from flat baskets. The charges for 24 hours are always 
made np in the morning, so that at night nothing but tapping the furnace and 
throwing the slag off the slag-run takes place. All furnaces at Clausthal have a 
fore hearth, over the edge of which the slag runs, passing down a narrow inclined 
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bank made of brasqne. It solidifies on this, and is thrown to one side by the 
workman who wields a two-pronged fork. The lead is not tapped f = om the body of 
the iumace, but from the front hearth where it collects. This front hearth is 
formed inside of jm iron box projecting from the fnmaoe, and in the side of this 
box is the tap. 

In addition to these East ftimaces Olansthal possesses a Piltz of the same 
pattern as those at Freibnrg, but w th some judicious alteration^ in the method 
of suspension. It is octagonal, 24 feet high, 4ft Sin. diameter at the tuyeres, and 
6ft. Sin. at the mouth. The S water tuyeres are 15 inches above the slag spouts. 
It was attempted to run this furnace with a closed hearth, but outside modifications 
do not seem to succeed in the Hartz, and it was found impoasible to produce a 
fusible slag. The ftimace was accordingly narrowed to 4ft 2'n. at the tuyeres, 
and fitted with a front hearth. It is now in successful operation. 

The Eachette furnaces were for a long time the best that Clausthal possessed, but 
they seem to ofifer no advantages over the round furnaces, while they are not 
only more costly to build, but also are subject to a patent right Their form is 
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shown in figures 15 to 18. Figure 15 shows a vertical section of the ftimaod 
through the longer axis ; fig. 16 is a horizontal section, though the tuyeres, fig. 
17, shows the tuyeres in place, and fig. IS gives a horizontal section and end view 
of a tuyere. 

The Baohette tonaoe is a construction designed to obtain great capacity, with- 
out making the diameter greater than twice the throw of the blast To that end 
it is made rectangular, and long and narrow. Tuyeres are placed on each of the 
long sides, and throw their air through the furnace in its narrowest direction ; 
and the form of the furnace is such that any number of tuyeres can be used by 
merely lengthening the fomace. Usually five on a side is the number. For- 
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merly the ends had no tuyeres, but it having been obserred that scaffolds and 
accretions collected only on the ends, these haye also been famished with 




tnyerest and with good effect There is a tap at each end which requires a 
double set of men at the bottom. The main dimensions of the Aitenau Bachette 
furnace, the first built in theHartz, are given below ; they have not been mate- 
rially changed in any of the newer ones : 

Height 19 feet 6 inches. 

A^'idth at tuyeres. 2 „ 11 „ 

Width at top.... 4 „ 6 „ 

Length 7 „ 4 „ 

Distance between tuyeres 1 „ 4 ,, 

It is an excellent furnace and smelts 16,500 lb. of ore, or 44,000 lb. of charge 
in 24 hours with about 6,500 lb. coke. The increased width of the throat keeps 
the loss by dust down to a Tninimum, provided the pressure of blast does not ex- 
ceed 10 or 12 lines of mercury. 

THE WORKS AT LAUTENTHAL. 

The lead is all desilvered at Lautenthal by the zinc and steam process, which, 
however, differs very greatly in its details from the system pursued at other 
works. The operations in the process are : 

1. Fusion and treatment with zinc. 

2. Treatment of poor lead with steam, under a hood, to remove the zinc. 

8. Treatment of the poor lead with steam and admission of air, to remove the' 
antimony. 
4. Casting the purified lead. 
6. Treatment of the rich crusts, or alloy, with steam, to remove the zirc. 

6. Cupellation of tbe rich lead resulting from 6, with addition ot the rich ox- 
ides to extract their silver. 

7. Treatment of the poor oxides. 

Treatmeni voUh Zinc— The kettles used are old Pattinson kettles, of 5 feet 
6i inches diameter and 2 feet 10 inches depth. Each holds 27,500 lb. of lead, 
and three are worked together, farming a battery. The two outer kettles are 
charged with 27i tons (of 2,000 lb.) of lead, which is melted down in about six 
hours, when an abzugy or lead containing enough copper, iron, etc., to make its 
point of fusion higher than that of pure metal. Is taken off and cast in 
moulds. Each of the end kettles, then receives 49i lb. zinc The object of 
making this first charge so small is to concentrate the gold, of which the lead 
contains a very minute proportion, in a small quantity of silver. It is a peculi- 
arity of the process that silver is not taken up except m a small quantity, until 
the gold and copper have been removed. The result oi this first charge is a 
crust which contains all the copper and goH, without being much richer in silver 
than the original work lead. In spite of this decided concentration, tbe silver 
made from this crust contains only 0.12 lo 0.20 per cent of gold. Still the latter 
met '1 pays for lis separation* 
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Vniea iht zin« eharge has melted, the bath is stined by two men at each 
kettle for twenty-five minntes, the stirrer being a brood, fiat and long-handled 
iron disc, pierced with holes. The nietal is then eooled nntil a croMt of about 
14 inches thickness forma on top. It is a matt» i of importance to so maxiage the 
cooling that it shall take place mainly from the 8ar£a.ce, in order to prevent the 
formation of a thiok crust on the bottom of the kettle, for this orost would contain 
Eino and silver. To avoid this the fire is merely covered wijkh ashes. The 
top crosi is thrown into the middle kettle» and when this is completed a new 
charge of 2S8k lb. zino is made to each ontside vessel, and the fires are freshened. 
Tho stirring in, cooling down, and skimming are repeated, and the last charge 
of 77 lb. adnc is then made, and the same operation gone through with. The 
time consumed in completing a change is about as follows : Drawing abzng, 30 
minutes ; melting, 1— li hours ; total, 6—7 hours. The desilverization oi 27i 
tons of lead requires about thirty Lours. 

The middle kettle is now heated, the bath stirred, cooled and skimmed, the 
crust being a concentration of the three crusts taken from the other two kettles. 
This is cast in moulds. From 20 to 40 lb. of zinc are added to the balh, and the 
above operations are repeated. If necessary, a second charge of ziao is made. 

According to the above the zino charge amounts to 1| per cent, of the lead* 
The crusts, do not contain aM the zinc, but fully one-half is left in the poor 
lead. Thfr removal of this zinc has been the most di£&cult problem in the whole 
process <^ desilverization, and though the poor lead can now be treated without 
difficulty, no direct and simple method of separating the zino from the riJix crusts 
has yet been found, unless the costly mode of distillation is excepted. 

Dezincing (he poor 2ead— The three kettles now cootain i)oor lead, which is 
dezinced by blowing superheated steam at 15 lb. pressure through the bath, by 
means of a bent pipe, two inches in diameter, running to the bottom. A sheet iron 
hood communicating with a large pipe is bolted down on the kettle and the joint 
is luted. The lead is kept at a little b^w cherry red, and is steamed for four 
hours to remove the zinc, and for t^o hours more to remove the antimony, air 
being admitted by opening the door of the hoo^. Inasmuch as the antimony is 
not carried over with the rich crust, the middle kettle is steamed to remove the 
zinc alone. In this operation the temperature is a point of great importance. 
It too low, ft longer time is required, . and the amount of oxides formed is in- 
creased. If too high, the kettles are rapidly destroyed. At the right tempera- 
ture 0*7 per cent of zinc and 1 per cent, of antimony can be removed in the 
time given. 

Tiie object of passing the steam through the bath is to oxidize the sine, but 
a good deal of lead is also oxidized, and the oxide first formed is fluid, but it 
gxadually becomes powdery and ''dry^** The oxidea from the end kettles are 
yellow, but those formed in the middle kettle are greenish, showing a ijrepon- 
derance of zinc. Perfect dryness of the oxides is a sign that aH the zinc has 
been removed. Other tests are to cast a small assay in a scorifier from time to 
time, until no star forms in the center upon cooling. The star would indicate 
the presence of antimony. The kettle is also left expo'^ed to the air a while^ 
without steam, after the oxides have been removed. If a clear red litharge forms, 
the lead is pure. Another test for zino is to take a ladle<full, soiape the surface^ 
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while hot, with a piece of wood, and if the silky appi aranoe is gona the duo has 
be< n remoTed. When the tests show the lead to be free from both zino aud anti* 
mony, the load is ladled into moulds, and forms th^ ** Beflued Hartz lead." It 
is 80 nearly pore as to coDtaiu from 99*983 to 99-987 per cent lend. 

The dezincing of (he rich crust presents more difficulties. The withdrawal of 
oxygen from the steam by the zino leaves a gas so high'y charged with hydrogen 
as to be violently explosive when the hot gas comes in contact with the air. In 
dezinciog the poor lead, the deoxydation of the steam is quite imperfect, and the 
reuulting gas never gives alarming explosions. But the rich ernsts contain 5 
or ^ per cent of zinc, and severe explosions of the gi\s have occurred. These 
are, however, now completely prevented by turning steam direct into the huod 
before allowing air to enter it. 

The products now consist of : (1) refined lead ready for market ; (2) rich 
lead containing about li per cent silver which is cupelled in a Gtennan hearth. 
(3) Poor oxides free from antmiony, and others containing antimony. The for- 
mer are washed on a sleeping table which separates them into two qualities. Of 
these one consists of metallic lead and lead oxide, containing about 85 per cent 
of the metal ; it is reduced to second quality metal. The remainder, containing 
much zinc, is of a yellow color and is sold as paint The oxides containin anti- 
mony are melted with other similar products to hard lead. (4) Bich oxides. 
These are placed upon the bath in the cupel famaoe, the heat being raised to the 
highest limit The silver passes into the lead, some lead being oxidized in the 
exchange. A slag, consisting of zinc oxide, lead oxide and metallic lead, re- 
mains and is drawn oft It contains about 60 ounces silver to the ton and is re* 
duced with rich litharge to metal which passes a second time through the desil- 
verization process. To have a successful imbibition, or absorption of silver by 
the lead in the cupel hearth, it is necessary to keep the rich oxides from being 
too dry. With lead, such as is produced in the Hartz— containing 88 ounces to 
the ton— the oxides are in the right proportion when they form 8 to 10 per cent 
of the desilvered lead. 

Wedding and BiLBUiraiNa give the following summary of the results obtained 
by this process in 1869. The German centner of 110 lb. English weight la here 
given as owt 

MaTBBIAXi AMD PboDUOTS. 



Charged : 22,053 cwt work lead 

Produced : 3,525i lb. crude silver, contain 

ing fine silver 

Beflned Hartz lead........ 

Second quality lead 

Hard lead 

Oxides containing no silver. ...••• 

Merchanf able litharge 64 cwt .*. 

Total 

Yaxious products not worked up : 

452 cwt 

Total 



WIUOHT. 


PSBGJSMXAOE. 


8ILVEB. 

lb. 


LEAD. 

lb. 


SILVXB. 


LEAD. 


3168i 
32431 


22,U21i 

18.8031 

1,9071 

489i 

55i 

581 


102-372 


86-389 
8-662 
2 223 
0-250 
0.267 


3233il 


211,315 

mi 


102-362 
102*372 


96-791 

1-781 
98 592 
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It b certainly remarkable fh^^t the iDteimediate products ^till in treatment^ 
oonsifiting of hearth» scraps, litharge, abstrich, and impure lead obtained in li- 
quating the hard lead, should amount to only 224 tons or 1*781 per cent of the 
lead treated. The second quality lead is made from the washed oxides mentioned 
aboye, the scraps formed in ladling the first quality metal from the kettle and 
other products free from silyer. It is blown with steam to remove the antimony 
and then east. It? only impurity is a small proportion of copper. The hard 
lead is obtained by smelting the oxides containing antimony^ and this also is 
blown with steam to remove the zinc and copper. Thus the steam process is 
now used for the refining of all kinds, and by its ose the numerous operations 
which made up the old process of oupel>ation and refining by air have been entirely 
superseded. 

In ladling ont the refined lead, an assay weighing about i lb. U cast for every 
8 pigs of lead. When 5000 pigs have been cast, these AS£ays are melted together, 
and some pounds are cast and sent to the laboratory for analysis. The first of 
the following analyses is fiom the lead produced at Lautenthal in 1870 up to the 
month of August, and represents 20,465 pigs or about 1575 tons. The other is 
from 1193 tons ol lead r*. fined at Altenau, where refining was still in operation in 
that year. Each analysis is the mean of 4 mnde upon 1400 grammes in one case, 
and 1500 grammes in the»other. It is noteworthy that although refined at differ- 
ent and widely separated establishments, and made from work lead of veiy dif- 
ferent composition in regard to impurity, the refined lead shows a difference of 
only 4-1000 of a per cent, that from Altenau, where the copper oret) and matte 
are worked, showing a small excess of impurity. Thin similarity of composition 
18 a proof of the method with which the operations are carried out 

Lead 99-983139 99 987560 

Copper 0-001413 0-002022 

Anf imony 0-005698 0-003336 

Bsmuth 0005487 0003650 

Silver 0000460 000721 

Iron 0002289 0-001229 

Zinc 0-000834 0000776 

Nickel 0jW)0680 0-000707 

100- 100- 

In regard to the bismuth present in the above, it is worthy of remark that steam 
has no effect upon this m etal, which remains with the h ad. This circumstance, 
which has been developed only within a few years, is a matter of great impor- 
tance to works which, like Freiberg, make considerable quantities of blRmnth 
from intermediate products, which would be lost were it not concentrated in 
those products. Pattinson*s process effects this concentration, and this is another 
reason why that system of concentration, now so g^erally rejected, should be 
retained at Freiberg. 

The purity which now distinguishes the Harz lead has not been obtained with- 
out much trouble and study. Compared with the lead obtained from cupel- 
lation, the Pattinson, salt-and-poling and steam processes have yielded a product 
vhioh has shown an advancing purity. 
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• THE COPPEB PROCESS AT ILTENAU. 

When the matte is withdrawn from the ore fhsion it contains about eight per 
eent copper and Beven i>er cent lead. It ia roasted in a square Mln, twenty 
feet higb, four feet square at the bottom, and 5X4 ^eet at the top. The 
ma'te is brokeo into pieces, 1 or li inches square. Only the upper part of 
the kiln is hot, the fiie not sinking below 3 feet from tho mouth, while the re- 
maining 9 feet scire as a regenerator to heat the ascending air, a process which 
of course cools the matte. Two doors at the mouth are used for charging ; two 
others are placed two feet under them for the purpose of loosening the charge, 
and finally there are two more on a level with the sole, to allow for discharging. 
"With good management of the draft the kiln burns for weeks. If too much air 
enters, the combustion may be sufficiently strong to sinter the charge together, 
or, allowed to increase still further, enough cold air to put the fire out may enter. 
Ihe matte, which contains about 22 per cent, of sulphur, is reduced to 12 per 
cent by two roastings in the kiln. The kilns are connec^ted with snlphuric acid 
chambers, and no difficulty has occurred in utilizing the sulphur of the matte 
in this way. After the second kiln roasting, the matte is piled in a low heap 
and ^roasted with the addition of brush Aiel to 6 per eent sulphur. It is then 
smelted in low, square furnaces, about 9 feet in height 1 foot 8 inches X ^ ^t 
4 inches square at the bottom, and 2X3 feet 10 inches at the top. The intro- 
duction of sloping sides has been found advantageous. Three water tuyeres are 
placed in the back wall, the piers between which the famaees stand, preventing 
tleir introduction at the sides. 

The charge consists of 100 roasted matte and about 93 slag, jMurtly siliceous 
slag from the ore fusion, and partly matte slag repassed. 

The products are (1) Lead containingO*i9 per cent, silver and more copper, 
iron, zinc, antimony, etc., than the metal from the ore ; (2) Copper matte, the 
composition of which is about : 

Sulphur 21*6 per cent 

Iron 39-2 " 

Copper 23-7 " 

Lad 15-0 •« 

Silver 0-057 " 

(8) Slag containing 2 per cent lead, and 0-002 per cent silver. When copper slag 
was used as a precipitating material, the mattes from this fusion contained only 
11 per cent of coj^er, a?>d required another roasting and fusion before enteriog 
the copper process. Now this is unnecessary. 

The treatment of the copper matte consists in enriching it by repeated roasi- 
ing and fusion with siliceous material, to black copper containing 95 per cent 
of that metal. This is granulated, treated with hot salphurio acid, the c -pper 
sulphate crystallized out, a*l the rich zesidaes smelted to obtain their silver and 
gold. 

The copper matte is roasted in the kilns described above^ Fusions take place 
in what are called in Gemumy ^'spectacle'* fdmaces. They are 10 ft 8 in. high, 
have a section of teom 18 to 36 in. X ^ ^ ^ ^* <^d o^^ their h&me to the foot 
that they have two reception basins in front They have one tuyere each, nse 
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250 cubic feet of air per miutite at a pressare of 7 to 9 lines qf mercury, and 
smelt from 9,300 to 10,000 lb. of roasted matte in 24 hours. The composition 
of the charge is the some as in sm^tin j; lead matte, except that instead of ore 
slag a siliceons slag from another operation in the copper process is charged. A 
veiy basic slag is produced which eats away the furnace wall so rapidly that the 
campaigns do not exceed 24 to 30 days. The roastiug and fusion is repeated five 
times, and Kublbicann gives the following summary of tho charges and products: 





1 


2 


3 


4 


5 


Charge : Boasted copper matte. . 
Siliceous slag 


. ..cwt. 
« 


60 < 5 

3787 

988 

1375 

8500 

10 

861 

27 

40 

20 

2400 

6100 

0-79 

0-40 

47-30 

40 
55 

0-285 
40 

9 

0-0725 

1- 

0-75 
00093 


2400 

1801 

480 

715 

3000 

lu 

29-8 

408 
1050 
2600 

17^5 
43 75 

70 

0-29? 
66 
5 

0078 
1- 
1-5 
0-00125 


105(» 
788 
210 
365 

1400 

100 
34-7 

m 

300 
1160 

38-57 
28-57 

93 5 

1 

0-160 

70 

3 

0-065 

1 

0-75 

0-00063 


300 

. 285 

60 

95 

750 
10 
661 

29-4 

125 
125 
290 

41-66 
41-66 

94 

2 

0-100 

73 

2 

0-045 

1-6 

1-25 

0-00063 


125 
95 


Slag from same operatic 
Fuel: CokeT. 


n.. " 
« 

.pieces 
..cu. ft 
...cwt. 


35 
30 


Peat Ifor warming... 

Charcoal ' furnace. 

Matte melted in 24 hours 


250 
^34 




iV 




Products: Work lead=0-38 p.c. silv.. ** 

Black copper ** 

Matte -. " 


6D 


Slag 

100 owl matte give Work lead . . . 




143 


Black copper 
Matte....:.. 


fC 


85-20 
480 


Black coDoer : CoDoer 


TS. 

.per ci 

• 


05 


SUver \'.\'.V .*.*.*.*. 
Matto: Cooper 


2 

085 
73 


Lead ' 

SilvOT 

Blag: Copper 


-J 
0030 
1-25 
I 


Silver 


0-00063 



The chaTge in each fusion was therefore 

Boasted matte 100 

Siliceous slag 75 

Slag from samo operation 20 

and the time required for its fusion was about 28 hours. To pass 100 owi of lino 
first matte through the 5 fusions in succession requires about 51 cwt coke, 49 
hours actual smelting time, and in the 5 fusions 179 owi matte will be treated. 
The data aboTe given are, however, only a portion of the expenses. Counting 
them as 100 ws have to add as follows : 

Expenses in fusion, for labor, 100 

" roasting, •* 45 

** removing slag, *' • 131 

" transpor ing matia •« 26 

" general expenses 97 

The entire cost will be about 165 par cent of the cost of labor and fuel con* 
Bumed in the fosiona. 



for fuel, 100 
28 
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The €b.2 used as BUioeons flax had the foUowing composition : . 

eilica 34fl7 Leadoxide 1-07 

Aluminft 4-38 Iron oxide 48-35 

Lime 3 53 Sulphur 125 

• Manganese oxide. 2-00 

Zincoxide 2-89 9864 

The following analysis of the slag from the 5ih fusion is a fiur representation of 
fSie same product from all the operations : 

Silica 30-994 Lime 4-314 

Antimony oxide 0*196 Ma^esia 0-253 

Iron oxide 58-605 Alumina 5-732 



Copper oxide 0-933 



Lead oxide 0-021 101-048 

The preceding tables show that a certain amount oi black copper is made in 
each fusion. That from the first operation is, however, small in quantity and 
quite impure, containing a good deal of lead and silver. The total amount of 
black copper from all the operations is 19^ per cent, of the first matte. 1 he 
greater part of it is obtained in the 2d and 3d fusions. 

The black copper from all the fusions is mixed with purchased copper contain- 
ing silver, and ** blown" in a reverberatory furnace. The mixture contains from 
16 to 0*20 per cent silver and 80 to 83 per cent copper. The furnace is a 
cupel hearth of the old form. That is to say, the roof is fixed and must therefore 
be high enough to permit the workman to enter the furnace to make the hearth. 
This is formed of clay and coke screenings, with a border of mergel, and is near- 
ly 10 feet in diameter. In front of the furnace is a water basin in which the cop- 
per is granulated as it comes out From 50 to 53 owt of black copper is charg- 
ed, melted in 5 hours, a "carcase" or alloy of higher fusing point than the black 
copper is drawn off from the surface, and air is blown upon the bath, at first in a 
feeble current but at length at the rate of* 250 cubic feet a minute. Lead, iron, 
zinc, cobalt, nickel, antimony and some copper are oxidized and, dmwing silica 
from the hearth, form a slag which is drawn or run off from the surface. After 
blowing 10 or 11 hours the refined copper is tapped and granulated. It contains 
91 to 97 per cent copper and 0-20 to 0-40 per cent silver. The analysis of a 
black copper made in this way in 1870 was as follows : 

Iron 0070 Copper 9500 

Lead 271 Antimony 1-63 

Nickel, cobalt zinc . . 048 Arsenic trace 

Silver 0-30 

99-658 

In the Notes on Freiberg, the necessity of excluding iron from the matte 
which was to be treated with acid, and the means used to accomplish this, were 
spoken ot It will foe observed that the same result is reached at Altenau by re- 
peated roastings and fusions, and finally, by an oxidizing fusion of the resulting 
black copper. , 

In addition to the black copper, two products are obtained. One is the car- 
case drawn off from the bath immediately after fusion. It contains 15 to 20 per 
cent silica, 5 per cent nickel oxide. 3 J per eeut cobalt oxide, 10 to 12 per cent 
copper oxide, and 35 to 40 per cent lead oxide. The amount produced is small. 
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bnt wh«n CQcmgh bat te^intilaied, ft ^inll be smeltod wiUi MMenieal ores ancl 
heaTy spar to produoe a apeise ricb in nickeL Th% othar prodnct is the yery 
iinpare lithaxge obtained hy blowing tbe blaek copper, and containing 511 per 
cent lead, 16 per cent copper, and 0016 per cent aibrer. It is mixed with the 
hearth, which is saturated with 3ie same prjdact, and smelted to a black copper 
containing a great deal of lead and some silver. This is liquated to remove tho 
lead, and then blown like the ordinary black copper, furnishing, however, a 
mnch greater proportion ot side products. 

The following are the details of the operations in 1869 : 

Number of charges 74 

Black copper . , . . cwt 8,225| 100 

Products, Gninnlated copper « * 2, 201 68i 

Carcase....... " 63 2 

Litharge. f« 976 801 

Faggots ;.... 89,460 1220 

or Bituminous coal cwt 42 

The faggots mentioned are now replaced by bituminous coal, and experience 
shows that 1,000 feggots are equal to about 34| cwt coaL 

The granulated copper is treated with dilute sulphuric acid, by which the cop* 
per, iron, nicki^l, and cobalt are dissolved, leaving a residue composed of gold, 
silver and arsenic in the nietaUie state, lead sulphate and basic antimony snl« 
phate. The vats in which the solution is accomplished, are 4 feet high and 
3 feet 4 inches in diameter. They are lined with lead, and have a perforated 
fiilse bottom 4 inches above the fk>or of the vat. Great care is taken in filling 
the vat, for itis important to have the mass of granules as open and porous as, 
possible. While copper oxide dissolves readily in dilute sulphuric acid, Ihe 
m.ta& ihielf requires hot concentrated acicI f»r its solution. At Altenau the 
metal is oxidised by allowing the acid in the vat to run out, the air filling 
the spaces between the granules, which, being hot and moist with add, oxidize, 
and the oxide is taken up by <ihe succeeding charge at acid. To ensure the com- 
plete access of air, the layer of copper must not be more than 40 inches thick, so 
that the vat holds libout 2,200 lb. It is filled np as often as the surlace falls 10 
inches below the normal level, which occurs two or three times a week. The 
vat is cleaned oat once in eight or len weeks. One vat suffices to dissolve about 
D3 IK of copper per day, yidding s^out 360 lb. of vitriol 

The sulphuric acid is taken direct from the chambers, and marks 48 to 50 deg; 
B. It is thinned to 32 deg. B. in a tank heated by steam to 176 deg. F. Tlie diluted 
aci<l is thrown on the copper, by means of a lead pipe furnished with a rose, 
every half hour. The acid runs through rapidly, but has time to dissolve the 
oxides formed, and the force of its flow is sufficient to carry along the fine in- 
soluble residues. This is an important point, for without this removal of the 
rej«idues not only will the granules be covered with an iiisoluble coat, but the 
interstices will also be filled up. A turbid liqnor discharging from the spout in 
the bottom of the vat is therefore the sign of a good operation. This sponi 
being left open, air diaws ihr 'Ugh the mans as soon as the interstioes are free 
fkom acid, the draft being aided by the heat of the cupper, derived |rom the aoid. 
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A high temperature hastens the opeiatioB, bnt is liable to cause solution of the 
silver. The six vats at Altenau discharge into a trough 360 feet long, where the 
warm solution depositH first the insoluble residue it has brought along, and then. 
as it cools, the copper sulphate crystallizes out The trough is 30 inches wide 
and 7 inches deep. The mother liquor, which is still very acid, is raised to the 
diluting tank by means of a Oifford's injector, made of lead. 

The succeeding operations are for the purification of the copper vitriol and 
the reduction of the residue. To accomplish the former, the raw vitriol is dis- 
solved in hot mother liquor, the solution marking 28 deg. B. It is filtered 
through granulated lead, and then through granuL\ted copper to remove by 
precipitation any dissolved silver, and also to retain residues that were too fine 
to settle in the trough. In H months the lead and copper have taken up 1 per 
cent, of silver, and are removed. The copper vitriol is crystallized in vats lined 
with lead, and with strips of the same metal hanging ip. the liquor. The vats 
ave t^mptied every eleven days, and the crystals dried. Their composition is : 

Iron 0107 per cent 

Antimony. 0-0123 "^ 

Arsenic 00064 " 

Zinc trace 

Nickel 00^06 •• 

Silver trace 

irot »1 impurity 0-0300 per cent 

Kine dissolving vats and three re-dissolving pans treat 2,500 cwt of copper 
yearly, producing about 9,000 cwt of vitriol. Nine men are employed in 24 
hours, five by duy and four by night 

' I'he argentiferous residues are thrown into a tank, washed, dried, and made 
up into balls with an equal quantity of liti^arge. An analysis shows that they 
contain : 

silver 310 Antimony 14.33 

Gold 0.004 Arsenic 3.15 

Copper 7.15 Sulphuric Acid 16.67 

Lead 34.46 

The copper is partly sulphate and partly fiu^ particles which are washed down 
by the acid. The subsequent treatment consists in smeltiug the mixed litharge 
and residue in a shaft furnace and cupelling the metaL Care is taken to trettt 
all the products by themselves, as they are very rich in silver. The details ot 
the foregoing operations are 

I,— Vmaoii llAiruTAcmmB. 

Granulated copper treated cwt 2305 100 

Copper vitriol produced " 823d 857i 

Baw vitriol " 392 17 

Argentiferous residues (one-half litharge) . . ** 312 14| 

Sulphuric acid consomed, 50-60 deg. B. . . . <* 4373 1S9| 

Coal " 8336 8611 

In twenty- four hours copper treated " 6*4 

•• •• vitriol made. •• 24-88 
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II»'— Smunvo tbi Bjhujuuis. 

Gbuge : Beaidaea •» owl 342 100 

Liibazge and hearth «* 674J| 197| 

Iron "7 2 

Siliceous slag •< 608 148| 

BasiCBlag •• 872 1081 ^ 

F)roduotB:Bihh workload <• 481 140| f 

Bich copper matte *< 49 14i . 

Slag.... «« 1347 894 

Coke " 293 84| 

Thirty owt residaes were smelted in 24 hours. 

HL — COFBLIATION. 

Charge: Work lead cwt 586 100 

Products: Anriferons silver lb. 424 I -^r . 

OrdinarysUver •• 160 t^^* 

Abetrich cwt. 114 214 

Litharge " 339 63| 

Hearth " 148 27| 

Fad; Faggote 2862 495 

It will be obeerred that while 100 parts pure copper should yield 893*37 parts 
vitriol, the product from the impure copper used was 357*29 parts of merchanta- 
ble vitriol, and 17 parts retained by the intermediate products, a total of 374*29» 
or about 95 per cent Nor does the use of sulphuric acid correspond with tho 
theoretical requirements, being 189*65 nstead of 154*57, as required. The dif- 
ference is due to the fact that the acid used is really below 66 di^g., and that the 
intermediate solutions hold a considerable amount of acid, not accounted for. 

Labor ayerages 64 cents a day, and the coal, which is of good quality and bears 
a high charge tor transportation; costs about $4.80 per ton (2240 lb.), and ookai 
$6. Under these conditionsi the items in the manufacture of yitriol bore the 
following proportions: 

TBBATKXNTOV 
• TITBIOI. HAHUFAOTUBB. BXSIOUES. 

Sundries 8 7 

Labor 20 82| 

Acid 52 — 

Coal 20 — 

Coke ....• 844 

Wood 17 

General Expenses 9 

100 "lOO. 

The cost of treating 100 cwt of 40 per cent copper matte was, in 1869, 801 
thalers 7k sgr., or (thaler=72 cent& gold) $216.90. While this is apparently 
high, it is to be remembered that much of it is due to the acid employed, which, 
however, does not go to waste, but is sold as a part of the finished product 
Compared with the old liquation process, the present system extracts about eight 
per cent more silver, and is in every respect superior. 

'fhe results of the treatment described above are very remarkable in respect to 
the percentage oi the different metals obtained from the ore. Kooh gave the 
production by the " combined** process or fbsion of roasted matte with the ore as, 

Silver, 102-5 per cent of assayed value of ore. 
Lead, 100*8 «• " «« 

Copper, 100-3 •• •• •« 



Digitized by VjOOQ IC 



100 ALTEKAtf. 

Thm th« smelting opsntioiis gate move mefftl ttiftik the aany eaUft for, t efar- 
eomstanoe thfti Is, of course, doe to tiie l»et that losses take plaee In nuJdiig tho 
assay which are not accounted for. WAnnnro A Bajsunnoro found that bj the 
desilverizatioi^ process now in nse tke amoant of silrer extracted is 2*372 per 
cent more than the assay shows to be present in the lead. U, howcTer, the sil* 
ver absorbed by the onp^ is allowed for at 3 per cent., there would be a real loss 
nf 0^138 per cent of silver. Similar corrections wonld make still larger differences 
between the apparent and the real extraction of the other metals. Bnt the Harts 
process is, nererthelees, remarkable for the closeness with which it works to the 
assay. The exact loss is not known, bnt it is less than 4 per cent of lead, and 
probably less than 1 per cent silver. These results are especially significant 
from the UiBi that Uie Harta works treat nnroasted ore, and they snstoin &e view 
<rf FLAtnacB, who looked npon the pTOcess of roasting as one decidedly wasteliil 
of metal, by volatilization. Another cause of the small loss is the persistence 
with which intermediate prodnets of only moderate richness are reduced to metal 
and agriin desilvered, a method which would not always pay in America. 

But the close exttaetion of metal Is not tha oidy proof of good work in the 
Harts. The directors ot the various smelting worlps there are the first to solve 
the problem of utilizing tibie sulphur in gidena for the manufacture of acid. 
Pure galena contains only about IS per cent of sulphur, a quantity too small to 
be utilised with profit It i» only by concentrating this element in a matte that 
it can be made to give sufficiently concentrated fwnes for oxidation in the lead 
chambers. But this matte usually contains so much lead that it sintos at a low 
heat a difficulty that has heretofore barred the way to its use in kihis. as a source 
of acid. The introduction of the precipitation by slag taught the Clausthal 
metallurgists that it is possible to make a matte poor in lead from lead ores. It 
seems to be probable that precipitation is more thoroughly performed when the 
ore tri(^es through a bath of slag rich in iron than when it is brought in contact 
with metallic iron, even when the heat is sufficient to melt the latter. The intro* 
duction of precipitation by slag increased the amouht of matte produced, but it 
decreased its percentage of lead from 40 to 7 or 10 per cent, and the latter limits 
bave been retained in the matte from the combined fusion of ore and matte. In 
addition to the metals they contain, tire Hartz ores, which are ferae galenas, are 
now made to yield a part of their sulphur as acid. 

I have found it impossible to 4>btaiQ any trustworthy calculations of the cost of 
the above treatment The following is probably not very tea from the truth, ra- 
ther under than over. The calculation is made on one European ton, 1000 kss 
22001b.: 

Ore and lead matte fiisions, 2200 lb. ore. . • ^. ,$7.82 

Treatment of copper matte, 110 lb ,... 2.60 

Treatment of lead matte, 12271b 2.76 

$18.18 (coin) 
The products are abont as follows, allowing the production of copper to form 
1 per ce^t ot the ore: 

Lead 1210 lb., or a loss of about 1| per cent 

Sulphate of copper, 7811b. 

Silver. 2 lb. ; loss supposed to beabout | oz. 

Skilled labor costs in the Harts frodth i8 to 54 ^ents eoin, and orduiary labor* 
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iVfrom86to4S4ieiifti. Ck^keoofts $e.70p«rUm; lofteoftl, ti.$0;a ^'tfeUA* 
pt flO AiggotB of wood (equal to 235 lb. toll eoftl in «m), 96 «e&te; Mid tti* oop- 
iwr slag used M a a«x in the oro 1^81^ if broQght Crott Oka ai ^ 
a ton. 

t9M ofsaAnoaa n 1871. 

IheUa WaDpma oontribalea aveiy year to the Fmi9$i$ek0 ZeKfoAri/t /Or 
Berg, Euttm wnd ScUiMn W$$tn, which is ^e ofi&oial mitung jooioal of the 
Pm^iian Qovenunentk an aocoont of the eiarent experiments and improvemeBts 
in the smelting worlm of that QoYommeni His report of the progress madtf 
daring 1871 gives so mnch relating to the Hsrtjs, that I take from it the follow- 
ing details: 

The mines of the Upper Harts yielded in 1871: 154,622 tons (2204 lb.) of ate, 
which by concentration was reduced to 13»546 tons of smelting ore, having a 
composition similar to that given above. The smfllting ore, therefore, ibrmed 
8'7 per cent of the mine ore, and the latter, as it was hoisted firom the mine, 
mnst have averaged about as ft}llow8: Lead, '4 per cent ; Copper, 0-065 per cent ; 
Silvery 0-0085 per cent, or 3i o& to the ton. Daring "that year the smelting 
works treated 13,911 tons of home and 497 tons of foreign ore, and produced 
7,930 tons lead, 47| tons litharge, 41-58 lb. gold, and 37.523 lb. silver. Of this 
ore, 9,150 ions were smelted at Olausthal, seven furnaces being used for the first 
Aision. Five of them were round fdrnaces, of the East and Fiktb pattern, three 
having 4 tuyeres, one 5, and one 8 tuyereSi Two BiOEEriB furnaces, each with 
12 tuyeres, were also in operatioa. 

The charge consisted of 100 ore, 

•< •* 51 roasted matter 

•• " 67 copper slag, 

*• •• 43 matte slag, 

47 slag from the same operatiioi^ 



1-2 scraps, 
10 flue dust, 
0*5 lead 8ciap& 

«-7 

The ftiel, including the small coke used in making (he 'fgestttbbe,** which foimt 
the fore hearth, and also that used to warm the Axmaces. amounted lo 

4517 coke. 
2-55 charcoal, 
4772 

or 151 per cent of the total charge, and 47| per cent of the on» 
The products were: 

58-77 wo k lead, 
76H>9 matte. 
124^ 

If the amount of matte charged is deducted from that produced, only 25 per 
cent remains, which is a very much smaller proportion than that obtained in 
any former modification of the Clansthal process. In working the 8-tayered ftus 
nace, which at first had a crucible of 4 ft 8 in. diameter, it was found impossible 
to blow t6 the center of the ehargeb where a pillar of unsmdted material always 
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remained. By BhoTing the toy^res toward the center until Che diameter of the 
working hearth was reduced to 1 meter, or 3 ft 4 in., this diiBoolty was remoyed, 
and this ha^, therefore, been fixed upon as the standard of a new Piltz, which 
will have bnt 4 tayeres. The other ronnd foroaoes do very good work, running 
through 20 tons oi charge (6*7 toes ore) in 24 hours. 

At Altenau, 202*6 tons of black copper were treated, producing 288,700 lb.' 
copper, 822*66 lb. silrer, and 4,275 tons of sulphuric acid. 

Vtom the four establishments at Olausthal, Lautenthal, Altenau and Andrea»» 
twig, there were produced in 1871 the following amounts: 
43-63 tt). gold, 
87.523-0 lln sUTer, 
7,929*4 tons lead, 
47-5 " Utharge, 
602*0 ** refined copper, 
6,132-0 «• copper vitriol, 
427*5 ** sulphuric acid* 
22*5 «' leadpaink 
This had t Talue of $1,497,96& 
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SCIENTIFIC BOOKS 



PUBLISHED BY 



D. Yan NOSTEAND, 

23 Murray Street & 27 Warren Street, 



NEW YORK. 



Weisbach's Mechanics. 

New and JRevised Editioh. 

8vo. Cloth. $10.00, 

A MANUAL OP THE MECHANICS OF ENGINEERING, 
and of the Construction of Machines. By Jxtlius Weisbach, Ph. 
D. Translated from the fourth augmented and improved Ger- 
man edition, by Ecklst B. Coxe, A.M., Mining Engineer. Vol. 
1.7— Theoretical Mechanics. 1,100 pages, and 902 wood-cut 
illustrations. 

Abbtract of Contbnts.— IntroductioiL to the Calculus— The Gkneral 
Prinoiplee of Mechanics — Phoroncmics, or the Purely Mathematical Theory 
of Motion — ^Mechanics, or the General Physical Theory of Motion— Statics of 
Bigid Bodies— The Application of Statics to Elasticity and Strength — ^Dynam- 
ics of Rigid Bodies -Statics of Fluids -Dynamics of Pluids—The Theory 
of Oscillation, etc. 

'< The present edition is an entirely new work, greatly extended and very 
much improved. It forms a text-book which must find its way into the hands, 
not only of every student, but of every engpoieer who desires to refresh his mem- 
ory or acquire clear ideas on doubtful points.'' — Manufacturer and BuUderi 

« We hope the day is not far distant when a thorough course of study and 
education as such shall be demanded of the practising eng^eer, and with this 
view we are glad to welcome this translation to our tongue and shores of one 
of the most able of the educators of Europe." — The TeehnologigL 
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Francis' Lowell Hydraulics. 

Third JSditian* 

4to. Cloth. $15.00. 

LOWELL HYDRAULIC EXPERIMENTS — being a Seleo- 
tion from Experiments on Hydraulic Motors, on the Flow of 
Water over Weirs, and in Open Canals of Uniform Rectangular 
Section, made at Lowell, Mass. By J. B. Pkaxcis, Civil Engineer. 
Third edition^ revised and enlarged, including many New Ex- 
periments on Gauging Water in Open Canals, and on the Flow 
through Submex^ed Orifices suid Diverging Tubes. With 28 
copper^tes, beautifully engraved, and about 100 new pages of 
text 

The work is divided into parts. Part L, on hydraulic inotoin% includes 
ninety-two experimenta on am improTed Foumeyron Turbine Water-Wheel, 
of abont two handled hone-po wer» with mlea and tables jEor the coDstmction 
of similar moton; thirteen experimenta on a model ol a centre-vent water-' 
wheel ol the most simple design, and thirty-nine expecimetnts on a centre-vmt 
water-wheel of about two hundred and thirty horse-power. 

Part H. includes seventy-four experiments made for the purpose of deter* 
mining the form of the formula for computing the flow of water over vreirs; 
nine experiments on the effect of back-water on the flow over weirs; eighty- 
eight experiments made for the purpose of determining the formula for oom- 
puting the flow over weirs of regular or standard forms, with several tables 
of comparisons of the Bew fonnula with the results obtauied by former experi- 
menters; five experiments on the flow over a dam iu which the eiest was of the 
same form as that built by the Essex Con^pony across the Merrimack River at 
Lawrence, Massachusetts; twenty-one experiments on the tfSsct of observing 
tibe depths of water on a w^ at different distances from the w^; an exten- 
sive series of experiments made lor the purpose of determining' rules for 
gauging streams ol water in open canals, with tables for facilitating the same ; 
and one hundred and one experiments on the discharge of water through sub- 
merged orifices and ditei^ng tubes, the whole being fully illustrated by 
twenty-three double plates engraved on copper. 

In 1855 the proprietors ol tihe Locks and Canals on Merrimack Biver ooo- 
sented to the publication of the first edition of this work, which contained a 
selection of the most important hydraulic experiments made at LoWell up to 
that time. In this edition the principal hydraulic experiments made there, 
subsequent to 1855, have be«»u added, indudiag the imx>ortant series above 
mentioned, for determining rules for the gaugiag the flow of water in open 
canals, and the interesting series on the flow through a submerged Yenturi's 
tube, in which a larger flow was obtained than any we find recorded. 
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Francis on Oast-Iron Pillars. 

8?o. Cloth. tSiX). 

ON THE STEENGTH OF CAST-IEON PELLAES, with Tables 
for the use of Engineers, Architects, and Builders. By Jaiuss B. 
Ebavcis, Civil Engineer. 



MerrilFs Iron Truss Bridges. 

Second Edition* 

4to. aoth. $5.00. 

IRON TRUSS BRIDGES EOR RAILROADS. The Method of 
Calculating Strains in Trusses, with a oareAd comparison of the 
most prominent Trusses, in reference to economy in combination, 
etc., etc. By Brevet Colonel William E. Mebsill, U.S.A., 
Major Corps of Engineers. Nine lithographed plates of illustra- 
tions. 

" The work before us is an attempt to give a basis for sound reform in this 
feature of railroad engineeringy hy throwing 'additional light upon the 
method of calculating the maTima strains that can come upon any- part of a 
bridge truss, and upon the manner of proportioning each part, so that it shall 
be as strong relativelf to its own strains as any other part, and so that the 
entire bridge may be strong enough to sustain several times as great strains 
as the greatest that can come upon it in actual use.' " — Scientific American, 

" The author has presented his views in a clear and intelligent manner, and 
the ingenuity displayed in coloring the figures so as to present certain facts 
to the eye forms no inappreciable part of the merits of tlie work. The reduc- 
tion of the * formulas for obtaining the strength, volume, and weight of a cast- 
iron pillar under a strain of compression,' will be very acceptable to those who 
have occasion hereafter to make investigations involving these conditions. As 
a whole, the work has been well done,'''-JRailroad Gazette, Chicagp. 



Hunxber's Strains in Girders. 

18mo. Cloth. $2.50. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
IN GIRDfiRS and Similar Structures, and their Strength, con- 
sisting of Formalse and Corresponding Diagrams, with numerous 
details for practical application. By William Humbxr. Fully 

illustrated. 
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Shreve on Bridges and Roofe. 

8yo, 87 wood-out illnatrationi. Cloth. $5.00. 

A TREATISE ON THE STRENGTH OP BRIDGES AND 
ROOFS— comprising the detemiinatioii of Algebraic formulas 
for Strains in Horizontal, Inclined or Rafter, Triangular, Bow- 
string, Lenticular and other Trusses, £rom fixed and moving 
loads, with practical applications and examples, for the use of 
Students and Engineers. By Samuel H. Sh&evb, A.M., Civil 
Engineer. 

The rules for the determination of etraius given in this work, in the shape 
of formulas, are deduced from a lew well-known meohanical laws, and are not 
based upon assumed oonditions; the processes are given and applications 
made of the results, so that it is equally valuable as a text-book for the 
Student and as a manual for the Practical Engineer. Among the examples 
are the Greithausen Bridge, the Kuilemberg Bridge, a bridge of the Saltaah 
type, and many other compound trusses, whose strains are calculated by 
methods which are not only free from the use of the higher mathematics, but 
are as simple and accurate, and as readily applied, as those which are used in 
proportioning a Warren Oirder or other simple truss. 



The Kansas City Bridge. 

4to. Cloth. $6.00 

WITH AN ACCOUNT OF THE REGIMEN OF THE MIS- 
SOURI* RIVER, and a . description of the Methods used for 
Founding in that River. By 0. Chanute, Chief Engineer, and 
GEORes MoBisoN, Assistant Engineer. Illustrated with five 
lithographic views and twelve plates of plans. 

JUustrcUions, 



Views.— View of the Kansas City 
Bridge, August 2, 1869. Lowering 
Caisson No. 1 into position. Caisson 
for Pier No. 4 brought. into position. 
View of Foundation Works, Pier No. 
4. Pier No. 1. 

Platbs. — ^I. Hap showing location 
of Bridge. II. "Water Record— Cross 
Section of River — Profile of Crossing 



tion Works, Pier No. 8. TV. Founda^ 
tion Works, Pier No. 4. V. Founda- 
tion Works, Pier No. 4 VI. Caisson 
No. 5— Sheet Piling at Pier No. 6— 
Details of Dredges — Pile Shoe — Beton 
Box. VII. Masonry— Draw Protec- 
tion — False Works between Piers 8 
and 4 Vm. Floatmg Derricks. 
IX. General Elevation — lt6 feet span. 



—Pontoon Protection. HI. Water I.X. 248 feet span. XL Plans of Draw, 
Deadener — Caisson No. 2 — ^Founda | XIL Strain Diagrams. 
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Clarke's Qmncy Bridge. 

4to. Cloth. $7.50. 

DESCRIPTION OF THE IRON RAILWAY Bridge across the 
Mississippi Riyer at Quincy, Illinois. By Thomas Cvbtis Clabks, 
Chief Engineer. Illustrated with twenty-one lithc^aphed 
plans. 

TUustraJtwM. 



Plates.— General Pliaii of HissLi- 
sippi Biver at Quinoy, showing loca- 
tion of Bridge. Ila. General Sections 
of Mississippi River at Quincy, show- 
ing location of Bridge. 116. G^eral 
Sections of Mississippi Biyer at Qnin- 
oy, showing location of Bridge. IIL 
General Sections of Mississippi River 
at Quincy, showing location of Bridge. 
IV. Plans of Masonry. V. Diagram 
of Spans, showing the Dimensions, 
Arrangement of Panels, etc. VI. Two 
hundred and fifty feet span, and de- 
tails. VII. Three hundred and sixty 
feet Pivot Draw. VIH Details of 
three hundred and sixty feet Draw. 
IX. Ice-Breakers, Foundations of Piers 
and Abutments, Water Table^ and 



Curve of Deflections. X. Founda- 
tions of Pier 2, in Process of Con- 
struction. X^I. Foundations of Pier 
3, and its Protection. XII. Founda^ 
tions of Pier 8, in Process of Construc- 
tion, and Steam Dredge. Xm. Foun- 
dations of Piers 5 to 18, in Process 
of Construction. XIV. False Works, 
showing Process of Handling and Set- 
ting Stone. XV. False Works for 
Raising Iron Work of Superstructure. 
XVI. Steam Dredge used in Founda- 
tions 9 to 18. XVH. Single Bucket 
Dredge used in Foundations of Bay 
Piers. XyilL Saws used for Cut- 
ting Piles under water. XIX. Sand 
Pump and Concrete Box. XX Ma- 
sonry Travelling Crane. 



Whipple on Bridge Bmlding. 

8yo, Illustrated. Cloth. $400. 

AN ELEMENTARY AND PRACTICAL TREATISE ON 
BRIDGE BUILDING. An enlaced and improyed edition of 

V the Author's original work. By S. Whipple, C. E., Inyentor of 
the Whipple Bridges, &c. 

The design has been to develop from Fundamental Principles a sjrstem easy 
of comprehension, and such as to enable the attentive reader and student to 
judge understandingly for himself, as to the relative merits of different plans 
and combinations, and to adopt for use such as may be most suitable for the 
cases he may have to deal with. 

It is hoped the work may prove an appropriate Text-Book upon the subject 
treated o^ for the Engineering Student, and a useful manual for the Praotio- 
ing Engineer and Bridge Builder. 
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Stoney on Strains. 

l^tw and Iteviaed EdMmh. wUh numerous iUustraUons. 

Boyal 8yo» 064 pp. ClotK |15.00. 

THE THEORY OF STRAINS IN GIRDERS and Similar Struc- 
tures, with Observations on the Application of Theory to Practice, 
and Tables of Strength and other Properties of Materials. By 
BnmoK B. Stoket, B. A. 



Koebling's Bridges. 

Imperial foUo. Cloth. |26.00. 

LONG AND SHORT SPAN RAILWAY BRIDGES. . By Jomr 
A. RoEBUNG, 0. E. Illustrated with large copperplate engrav- 
ings of pla&s and views. 

LUt of Plates 

1. ParaboUo Troas Railway Bridge. 2, 3, 4, 5, 6. Details of Parabolic 
Trufls, with centre span 500 feet in the clear. 1, Plan and View of a Bridge 
oyer the Idtissiasippi Biver, at St. Louis, for railway and common traveL 8, 9» 
10, 11, 12. Details and View of St Louis Bridge. 13. Railroad Bridge over 
the Ohio. 



Diedrichs' Theory of Strains. 

8yo. Cloth. $5.00. 

A Compendium for the Calculation and Construction of Bridges, 
Boofs, and Cranes, with the Application of Trigonometrical 
Notes. Containing the most comprehensiye information in re- 
gard to the Besulting Strains for a permanent Load, as also for 
a oombined (Permanent «nd Boiling) Load. In two seetions 
adapted to the requirements of the present time. By John Dibo- 
BiOHS. Illustrated by numerous plates and diagrams. 

" The want of a compact, universal and popular treatise on the Construc- 
tion of Rools and Bridges— especially one treating of the influence of a varia- 
ble load — and the unsatisfactory essays of different authors cm the subject, 
induced me to prepare ihis work.'' 



Digitized by VjOOQ IC 



D. VAN NTOSTRAND. 



.Whilden's Strength of Materials. 

12mo. Cloth. $2.00. 

ON THE STEENGTH OF MATERIALS used in Engineering 
Oanstruction. By J. K. Whildbn. ' 



Campin on Iron Roofs. 

Large 8yo. Cloth. |8.0a 

ON THE CONSTRUCTION OF IRON ROOFS. A Theoretical 
and Practical Treatise. By Feancis Okxbts, With wood-cuts 
and plates of Roofs lately executed. 

<* The mathematioal fonnulaa are of aa elementary kind, and the process 
admits of an easy extension so as to embrace the prominent varieties of iron 
truss bridges. The treatise, though of a practical scientific character, may be 
easily mastered by any one familiar with elementary mechanics and plane 
trigonometry." 

HoUey's Railway Practice. 

lYoLlolio. Cloth. $12.0a 

AMERICAN AND EUROPEAN RAILWAY PRACTICE, in 

the Economical Generation of Steam, including the materials 
and construction of Coal-burning Boilers, Combustion, the Varia- 
ble Blast, Vaporization, Circulation, Super-heating, Supplying 
and Heating Feed-water, &c., and the adaptation of Wood and 
Coke-burning Engines to Coal-burning ; and in Permanent Way, 
including Road-bed, Sleepers, Rails, Joint Fastenings, Street 
Railways, &c., &c. By Alexandbs L. Hollet, B. P. With* 77 
lithographed plates. 

*' This is an elaborate treatise by one of our ablest civil engineers, on the con- 
struction and use of locomotives, with a few chapters on the building of Rail- 
roads. > * * All these subjects are treated by the author, who is a 
first-class railroad engineer, in both an intelligent and intelligible manner. The 
facts and ideas are weU arranged, and presented in a clear and simple style, 
accompanied by beautiful engravings, and we presume the work will be regard- 
ed as indispensable by all who are interested in a knowledgpe of the construc- 
tion of railroads and rolling stock, or the Working of locomotives." — Scientific 
American* 
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Henrici's Skeleton Stmctures. 

Sva Clotibu $8.00. 

SKELETON STRUCTUEES, especially in their Application to 
the building of Steel and Iron Bridges. By Olaus Heitbici. 
With folding plates and diagranis. 

By preeexiting these general examinatioiuB on Skeleton Structures, with 
partictdar application for Suspended Bridges, to Engineers, I yentore to ex- 
press the hope that they will receive these theoretical results with some confi- 
dence, even although an opportunity is wanting to compare them with practi- 
cal results. O. H. 



UseM Information for Railway Men. 



Pocket form. Horocoo, gilt, $2.00. 



Compiled by W. G. Hamilton, Engineer, 
and enlarged. 570 pages. 



Fiftli edition, revised 



^ It embodies many valuable formuls and recipes nseful for railway men, 
and, indeed, for almost every class of persons in the world. The ' informa- 
tion' comprises some valuable formuls and rules for the construction of 
boilers and engines, masonry, properties of steel and iron, and the strength 
of materials generally.**— iSai^raacJ (ToMtt^, Chicago. 



Brooklyn Water Works. 

Ivol. foUa aoth. $1^.00. 

A DESCRIPTIVE ACCOUNT OF THE CONSTRUCTION OP 
THE WORKS, and also Reports on the Brooklyn, Hartford, 
Belleville, and Cambridge Pumping Engines. Prepared and 
printed by order of the Board of Water Commissioners. With 
59 illustrations. 

CoNTBNTS. — Supply Ponds— The Conduit— Bidgewood Engine House and 
Pump Well— Bidgewood Engines — Force Mains— Ridgewood Beservoir — 
Pipe Distribution — ^Kbunt Prospect Beservoir — ^Mount Prospect Engine 
House and Engine — Drainage Grounds — Sewerage Works — ^Appendix. 
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Kirkwood on Filtration. 

4to. Cloth. $15.00. 

REPOET ON THE FILTRATION OF RIVER WATERS, for 
the Supply of Cities, as practised in Europe, made to the Board 
of Water Commissioners of the City of St. Louis. By James P. 
KiBKWooD. Illustrated by 80 double-plate engravings. 

OoKTBNTS. — ^Report on Filtration — London Works, General — Chelsea 
Water Works and Filters— Lambeth Water Works and Filters— Southwark 
and Vanxhall Water Works and Filters— Grand Junction Water Works and 
Filters— West liiddlesex Water Works and Filters— Kew BiYor Water 
Works and Filters — ^East London Water Works and Filters — ^Leicester Water 
Woi'ks and Filters— York Water Works and FQters— Liverpool Water Works 
and Filters— Edinburgh Water Works and Filters— Dublin Water Works 
and Filters— Perth Water Works and Filtering Gallery— Berlin Water 
Works and Filters — ^Hamburg Water Works and Beseryoirs — ^Altona Water 
Works and Filters^-Tours Water Works and Filtering Canal — ^Angers Water 
Works and Filtering Galleries — ^Nantes Water Works and Filters — ^Lyons 
Water Works and Filtering Galleries — ^Toulouse Water Works and Filtering 
Galleries — Marseilles Water Works and Filters — Genoa Water Works and 
Filtering Galleries — Leghorn Water Works and Cisterns— Wakefield Water 
Works and Filters — ^Appendix. 



Tanner on Roll-Taming. 

1 vol. 8vo. and 1 vol. plates. $10.00. 

A TREATISE ON ROLL-TUENING FOR THE MANUFAC- 
TURE OP IRON. By Peteb TuraER. Translated and adapted. 
By John B. Peabse, of the Pennsylvania Steel Works. With 
numerous wood-cuts, 8vo., together with a folio atlas of 10 litho- 
graphed plates of Rolls, Measurements, &c. 

" We commend this book as a dear, elaborate, and practical treatise upon 
the department of iron manufacturing operations to which it is devoted. 
The writer states in his preface, that for twenty-flve years he has felt the 
necessity of such a work, and has evidently brought to its preparation the 
fruits of experience, a painstaking regard for accuracy of statement, and a 
desire to furnish information in a style readily understood. The book should 
be in the hands of every one interested, either in the general practice of 
mechanical engineering, or the special branch of manufacturing operations to 
which the work relates.' — American Artisan, 
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Glynn on the Power of Water. 

13mo. Cloth. $1.00. 

A TREATISE ON THE POWEB OF WATER, as appHed to 
drive Flour Mills, and to give motion to Turbines and other 
Hydrostatic Engines. By Joseph Gltkn, F.R. S. Third edition, 
revised and enlarged, with numerous illustrations. 



Hewson on Embankments. 

8to. Qoth. $2.00. 

PBmCIPLES AND PRACTICE OF EMBANEING LANDS 
from Riyer Floods,. as applied to the Levees of the Mississippi. 
By WiULiAM Hswsov, Civil Engineer. 

*' This is a valuable treatiBe on the prinoiples and praotioe of embanking 
lands from river floods, as applied to the Levees of the Hississippi, by a highly 
intelligent and experienced engineer. The author says it is a first attempt 
to reduce to order and to rule the design, execution, and measurement of the 
Levees of the Mississippi It is a most useful and needed contribution to 
scientific literature. — Philadelphia Evening Journal, 



Griiner on Steel. 

8vo. aoth. |3.50. 

THE MANUFACTURE OF STEEL. By M. L. Getobe, trans- 
lated from the French. By Lenox Smith, A. M., E. M., with an 
appendix on the Bessemer Process in the United States, by the 
translator. Illustrated by lithographed drawings and wood-cuts. 

'* The purpose of the work is to present a careful, elaborate, and at the 
same time practical examination into the physical properties of steel, as well 
as a description of the new processes and mechanical appliances for its mtmufac- 
ture. The information which it contains, gathered from many trustworthy 
sources, will be found of much value to the American steel manufacturer, 
who may thus acquaint himself with the results of careful and elaborate ex- 
periments in other countries, and better prepare himself for successful com- 
petition in this important industry with foreign Quakers. The fact that this 
volume is from the pen of one of the ablest metallurgists of the present day, 
cannot fail, we think, to secure for it a favorable consideration. — Iron Age, 
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Baiierman on Iron. 

Idmo. Glotli. |2.00. 

TREATISE ON THE METALLURGY OF IRON. Contain, 
ing ouilines of the Histoiy of Iron Manufacture, methods of 
Assay, and analysis of Iron Ores, processes of manufacture of 
Iron and Steel, etc., etc. By H. BAUBBHiLV. First American 
edition. Revised and enlarged, with an appendix on the Martin 
Process for making Steel, &om the report of Abram S. Hewitt. 
Illustrated with numerous wood engravings. 

' " This is sen importaat additioiL to the stock of technical wotIes published in 
this coTintry. It embodies the latest &ct8, disooyeiies, and processes con- 
nected with the mannfacture of iron and steel, and shonld be in the hands of 
every person interested in the subject, as well as in aU technical and scientific 
libraries."— i6i0»0nt(/20 American, 



Link and Valve Motions, by W. S. 
Auchincloss. 

8to. aoth. 13.00. 

APPLICATION OF THE SLIDE VALVE and Link Motion to 
Stationary, Portable, Locomotive and Marine Engines, with new 
and simple methods for proportioning the parts. By William 
S. AuGHiKCLOss, Civil and Mechanical Engineer. Designed as 
a hand-book for 'Mechanical Engineers, Master Mechanics, 
Draughtsmen and Students of Steam Engineering. All dimen- 
sions of the valve are found with the greatest ease by means of 
a Printed Scale, and proportions of the link determined without 
the assistance of a model. Illustrated by B7 wood-cuts and 21 
Kthographic plates, together with a copperplate engraving of the 
Travel Scale. 

All the matters we have mentioned are treated with a clearness and absence 
of unnecessary verbiage which renders the work a peculiarly valuable one. 
The Travel Scale only requires to be known to be appreciated. Mr. A. writes 
BO ably on his subject, we wish he had written more^ LoT^don Enr 
gineering. 

We hare never opened a work relating to steam which seemed to us better 
circulated to give an intelligent mind a clear understaiidin^ of the depart- 
ment it discusses. — Scientific American, 
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Slide Valve by Eccentrics, by Prof. 
O. W. MacOord. 

4to. lUiistnited! Cloth, f400. 

A PEACnCAL TEEATISE ON. THE SLIDE VALVE BY 
EOCENTBIOB, examining by methods, tiie action of the Ecoen- 
tric upon the Slide Valve, and explaining the practical pieces- 
ses of laying out the moyements, adapting the yalye for its 
yarious duties in the steam-engine. For the use of Engineers, 
Draughtsmen, Machinists, and Students of yalye motions in 
general By 0. ^. MacCobj>, A. IL, Professor of Mechanical 
Drawing, Bteyens' Institute of Technology, Hoboken, N J. 



Stillman's Steam-Engine Indicator. 

12mo. Cloth. $1.00. 

THE STEAM-ENGINE INDICATOE^ and the Improyed Mano- 
meter Steam and Vacuum Gauges ; their utility and application 
By PiiXTL Stillhak. New edition. 



Bacon's Steam-Engine Indicator. 

13mo. Cloth. $1.00. Hor. |1.50. 

A TREATISE ON THE RICHARDS STEAM-ENGINE IN- 
DICATOR, with directions for its use. By Charles T. Poktsb. 
Reyised, with notes and large additions as deyeloped by Amer- 
ican Practice, with an Appendix containing useful formulae and 
rules for Engineers. By F. W. Bacok, M. E., Member of the 
American Society of Oiyil Engineers. Illustrated. 

In this work, Mr. Porter's book haa been taken as the basis, but Mr. Baoon 
has adapted it to American Practice, and has conferred a great boon on 
lAmerioan Engineers. — ArtifOLn, 



Bartol on Marine Boilers. 

8yo. Caoth. $1.50. 

TEEATISE ON THE MARINE BOILERS OE THE UNITED 
STATES. BjH. B. B^TOL. Illustrated. 
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Gillmore^s Limes and Cements. 

JPVmi^ EdUimi. Mevised and Ehiargd. 

8yo. Cloth. 14.00. 

PRACTICAL TREATISE ON LIMES, HYDRAULIC CE- 
MENTS, AND MORTARS. Papers on Practical Engineering, 
U. S. Engineer Department, No. 9, containing ^Reports of 
numerous experiments conducted in New York City, during the 
years 1858 to 1861, inclusive. By Q. A. Oilluobe, Brig-General 
U, S. Volunteers, and Major U. S. Corps of- Engineers. "With 
numerous iUustratioxis. 

''This work oontains a record of certain exjwriments aad researches made 
under the authority of the Engineer Bureau of the War Department from 
1868 to 1861, upon the rarious hydraulic cements of the United States, and 
the materials for their manulEtcture. The experiments were carefully made, 
and are well reported and compiled. * — Journal FranlcUn IrutUuU, 



Gillmore's Ooignet Beton. 

8vo. Cloth. 12.50. 

COIGNET BETON AND OTHEE ARTIFICIAL STONE. By 
Q. A. GiLLMORS. 9 Plates, Views, etc. 

This work describes with considerable minuteness of detail the seyeral kinds 
of artificial stone in most general use in Europe and now beginning to be 
introduced in the United States, discusses their properties, relative merits, 
and cost, and describes the materials of which they are composed.- .... 
The subject is one of special and growing interest, and we commend the work, 
embodying as it does the matured opinions of an experienced engineer and 
expert. 



Williamson's Practical Tables. 

4to. Flexible aoth. $2.60. 

PEACnCAL TABLES IN METEOROLOGY AND HYPSO- 
METBY, in oonnectioiL with the use of the Barometer. By Col. 

E. S. WlLLIAMSOM, U. 8, A. 
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Williamson on the Barometer. 

4to. GloUi. $15.00. 
ON THE USE OF THE BAEOMISTER ON STJBYeTYS AND 
EECONNAISSANCES. Part I. Meteorolc^y in its Connec- 
tion with Hjpsometrj. Part II. Barometric Hjpsometry. By 
E. 8. "WiixiAM«oir, Byt. Lieut-Col. U. 8. A., Major Corps of 
Engineers. With Illustrative Tables and Engravings. Paper 
No. 15| Professional Papers, Corps of Engineers. 

'* Sak TnAwcisco, Cai^, Ffib. 27, 186??- 
'* €(en. A A HuMFHBSTSy Chief of Engiaeers, U. S. Army : 

" GENERAii, — ^I Ixave the honor to snbmit to you, in the following pagftds, the 
results ol my inyestigRtions in meteorology and hy^Mnsnetry, sdade'wiih the 
view of ascertaining how far the barometer can be used a« a reliable instru- 
ment for determining altitudes on extended lines of surrey and reconnais- 
sances. These investigations have occupied the leisure permitted me from my 
professional duties during the last ten. years, and I hope the results will be 
deemed of sufficient value to haveaplaoeassigned them among the printed 
professioQal papers of the United States Corps of Engineers. 
** Very respectfully, your obedient serrant^ 

«B. S. WILLIAMSON, 
** Bvt Lt-Ool. XT. S. A, Major Corpsof XJ. S.'Enginews." 



Von Cottars Ore Deposits. 

6to. Cloth. 14.00. 
TREATISE ON GEE DEPOSITS. By Bbrkhabi) Tok Cotta, 
Professor of Geology in the Boyal School of Mines, Freidberg, 
Saxony. Translated &om the second German edition, by 
Fbedebick Pbiice, Jr., Mining Engineer, and reyised by the 
author, with ntunerous illustrations. 
" Prof. Von Cotta of the Freiberg School of MineB, is the author of the 
best modem treatise on ore deposits, and we are heartily glad that this ad- 
Inirable work has been translated and published in this country. The trans- 
lator, Mr. Frederick Prime, Jr., a graduate of Freiberg, has had in his work 
the great advantage of a revision by the author himself, who declares in a 
prefatory note that this inaiy be considered as a new edition (the third) of his 
own book. 

" It is a timely and "welcome contribution to €be literature of mining in 
this country, and we are grateful to the translator for his enterprise and good 
judgment in undertaking its preparation ; while we recognize with equal cor- 
diality the liberality of the author in grtotilig both permission tod assist- 
anoe." — Extract from Eeview in Engineering^ and MittSng Journal, 
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Plattner's Blow-Pipe Analysis. 

S^oondeditiiia. Be^Mdi 8W CSoth. ^.M. 

PLATTNER'S MANUAL OP QUALITATIVE AND QUAN- 
TITATIVE ANALYSIS WITH THB BIXJW-PIPB, Fiom 
the last Germaa €>ditioa Bevised Q.nd ^ularged. By Prof. Th. • 
ItIC^T^1^ of the Eoyal Saxoa Mining Apademy. Translj^ted by 
Ptp£ H. B. GosKWALLy Assistant in the Columbia School of 
Mines, New York; ^sisted by Johx H. Caswell. Illustrated 
with eighty-seren wood-cuts and one lithographic Plat^ 56Q 
pages. 

^ ]?lattaev'a oelebeated work has long been xeoogBued a« the only complete 
book on Blow-Pipe Analyau* The fourth German edition, edited hj Prof. 
£ichter» fii31y wt|in»the reputation whieh th«i-earlier edititmsaequired dor- 
ing the lif etime of the author, and it ia a souroe of great eatiafaotion to ue to 
know that Prot Bit^terhas oo-operated with the translator in issuing the 
Axxierlpan edition of the work, which, is in fact, a fifth edition of the original 
work, being far more complete than the laat Grerman edition*''— ^{|»7>Mm*<9 
,J<mrnal 

There is nothing so complete to be found in the English language. Platt- 
ner -s book is not a mere pocket edition ; it is intended as a comprehensiye guide 
to all that is at present known on the blow-pipe, and as such is reallj indis- 
pensable to teachers and advanced pupila 

^ Hr. Ck>mwaU*B edition is something more than a translation, as it contains 
many corrections, emendations and additions not to be found in the original. 
It is a decided improvement on the work in its German dxeagj*'^^(nimal of 
Applied Ohenui^. 



Egleston's Mineralogy. 

Swci* I4pL^tp^t(94wiiaiHL]tfaQgny?bie Cloth. |46a 

LECTURES ON DESCRIPTIVE MINERALOGY, Delivered 
at the School of Mines, Columbia College. Bt Pbopbssob T. 
Eglestok. 

These lectures are what their title indicates, the lectures on Mineralogy 
deliver^ at the S<diQol of Mines, of Columhia. OpUege. They have been 
printed for the students, in order that more time might be giv^ to the vari- 
ous methods of examining and detenniziing oun^rals. The second part has 
only been printed. The first part, comprising crystallography and physical 
mineralogy, wiU be printed at some future Ujna^ 
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Pynchoii^s Chemical Physics. 

Hew JEditian, Bevised and BnUirged^ 

Crown 8to. Cloth. $3.00. 

INTEODUCHON TO CHEMICAL PHYSICS, Designed for the 
Use of Academies, Colleges, and High Schools. Illustrated with 
numerous engravings, and containing copious experiments with 
directions for preparing them. By Thomas Bttgoles Ptnchoit, 
M. A., Professor of Chemistry and the Natural Sciences, Trinity 
College, Hartford. 

Hitherto, no work snitable lor general om, treating of all these snbjeots 
within the limits of a single rolnme, oonld be found ; oonsequently the atten- 
tion they have receiyed has not been at all: proportionate to their importance. 
It is believed that a book oontaining so mnoh valnable information within so 
small a eompass, oennot fail to meet with a ready sale am(mg all intelligent 
persons, while Professional men, Physicians, Medical Students, Photograph- 
ers, Telegraphers, Engineers, and Artisans generally, will find it specially 
Taluable, if not nearly indispensable, as a book of reference. 

" We strongly recommend this able treatise to our readers as the first 
work ever published on the subject free from perplexing technicalities. In 
style it is pure, in description graphic, and its typographical appearance is 
artistic. It is altogether a most excellent work.*' — EclecUc Medical JovmaX, 

" It treats fully of Photography, Telegraphy, Steam Engines, and the 
yarious applications of Electricity. In short, it is a carefully prepared 
yolume, abreast with the latest scientific disooyeries and inyentums.** — Bart" 
ford CouranL 

Plympton's Blow-Pipe Analysis. 

12mo. Cloth. $d.OO. 

THE BLOW-PIPE : A System of Instruction in its practical use 
being a graduated course of Analysis for the use of students, 
and all those engaged in the Examination of Metallic Combina- 
tions. Second edition, with an appendix and a copious index. 
By Geobgs W. Pltuftok, of the Polytechnic Institute, Brooklyn. 

'' This manual probably has no superior in the English langfaage as a text- 
book for beginners, or as a guide to the student working irithout a teacher. 
To the latter many illustrations of the utensils and apparatus required in 
using the blow-pipe, as well as the fully illustrated description of tho blow- 
pipe flame, will be especially seryiceable.**— iVtfw York Teaeher. 
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Ure's Dictionary. 

Siaeih JSaUUm. 

London, 1872. 
3 Tola. 8to. Cloth, $25.00. Half Boasia, $37.50. 

DICTIONAEY OF ARTS, MANUFACTUBES, AND MINES. 
By Andbew Uee, M.D. Sixth edition. Edited by Eobebx Hiriirr, 
F.B.S., greatly enlarged and rewritten. 



Brande and Cox's Dictionary* 

Nmt; JEditUm. 

London, 1872. 

SvoU. 8to. Clotli, $20.00. Half Hozoooo, $27.5a 

A Dictionary of Science, Literature, and Art. Edited by W. T. 
B&AKDB and Bev. Gbo. W. Oox. New and enlarged edition. 



Wattes Dictionary of Chemistry. 

Suppletnentary Volume^ 

8vo. Cloth. $9,00. 

This Yolnme brings the Becord of Chemical DUcovery down to the end of 
the year 1869, including also several additions to, and corrections o^ former 
results which have appeared in 1870 and 1871. 

%* Complete Sets of the Work, New and Bevised edition, including above 
fupplement 6 vols. 8vo. Cloth. $62.00. 



Rammelsberg's Chemical Analysis. 

8vo. Cloth. $3J35. 

GUIDE TO A COUESB OP QUANTITATIVE OHEMIOAL 
ANALYSIS, ESPECIALLY OF MINERALS AND EUR- 
NACE PBODUOTS. Illustrated by Examples. By 0. F. 
Bamxelsbskq. Translated by J. Towlsk, M.D. 

This work has been translated, and is now published expressly for those 
students in chemistry whose time and other studies in colleges do not permit 
them to enter upon the more elaborate and expensive treatises of Fresenius 
and others. It is the condensed labor of a master in chemistry and of a prac- 
tical analyst. 



ti 
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Eliot 9ai<l Stocer's Qoalitative 
Chemk^aJL Analysis. 

New EditUm, Mevised. 

12ma niustrated. Cloth. $1.5a 

A COMPENDIOUS MANUAL OP QUAUTATIVE CHBMI. 
CAL ANALYSIS. By Chables W. Euot and Frank H. Sto»ek. 
Bevised with the Cooperation of the Authors, by William £ip- 
LET Nichols, Professor of Chemistry in the Maasaehnsetts Insti- 
tute of; Technology. 

" This Hairaal has great acDeiits as a pfractioal intiodiiotion to the adeooe 
and the art of which, it treats. It (xmtainaeaoiigh of the theory and practiee 
of qualitatiye analysis, ** in the wet way,** to bring ont. all thejeasoning in- 
Tolved in the science, and to present clearly to the student the Host approved 
methods of the art. It is specially adapted fdr eKereiseA and experiments in 
the laboratory ; and yet its olasnlfications: and manner, of' treatioent. are so 
systematio and logical thronghont^ as to adapt it in a high degree to that 
higher class of students generally who desire an accurate Imowledge of the 
practical methods of arriying at Bcienti&> fnots."-— /^^%«rof> 0&«ero^. . 

** We wish every academical class in the land could have the benefit of the 
fifty exeroiMs of two hours each necessary to master this book. Chemistry 
would cease to be a mere matter of memory, and become a pleasant experi- 
mental and intellectual recreation. We heartHy commend this little volume 
to the notice of those teachers who believe in using the scieiioes:Mmeaiui of 
mental discipline.*' — CcUege Caurant. 



Craig's Decimal System. 

S^nne. 8^o>. £imp. fiOiSi 

WEIOHTB AND MEASURES. An Account of the I>eci]nal 
System, with Tables of Convfirsion for Commercial and Scientifur 
Uses. By B; F. C»AJo, M. D- j 

** The most lucid, accurate, and useful of all the hand-books on this subjeet 
that we have yet seen. It gives forty-seven taUlM of comparison between the 
"Bmfl^iwh and Frencth denominations of lengthy areA» oapaoity^ weighty and the 
Centigrade and Fahrenheit thermometers, with dear instructions how to use^ 
thesn; and to this practical, portion, which helpa to make the transition as> 
easy aa pomUe, ie prefisud a^acientifio explanation of the eraors in the metric 
^stem, and how they may be oorreoted in the laboratory."— JVbttlMik. 
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Nugent on Optics* 

12mo. Cloth. 12.00 

TEEATISE ON OPTICS ; or, Light aud Sight, theoretically and 
practically treated ; with the application to Fine Art and Indus- 
trial Pursuits. By E. Nugent. With one hundred and three 
illustrations. 

<'ThiB book ift of ar practioal' rather than a theoretic kind, and- 14 da- 
BigBfid to aflbfd aoonvate and oomplete^ uilQRiiatia& to all iataraiM in a|^* 
oationa of tha aoienoe^**— JBpunc? Ibble, 



Bamard^s Metric System. 

Sva Brown dpth. |3.00. 

THE METRIC SYSTEM OF WEIGHTS AJSTO MEASURES. 
An Address delivered before the Convocation of the University of 
the State of New York, at Albany, August, 1871. By Fredeeick 
A. P. Babkaed, President of Columbia College, New York City. 
Second edition from the Revised edition printed for the Trustees 
of Columbia College. Tinted paper^ 

"It is the best sanunary of the azgomentain ^yor^of the metric weighty 
and measorea with which we^ax^ acquainted, not only heoaoae it. contains in 
amall apace the leading facta of the caae, bnt. becanae it.pnta the, advooacj of 
that Bystem on the only tenable gronnd«, namely » the: great oonyenience of a 
decimal notation of weight and measure aa well aa money, the value of inter- 
national uniformity in the matter, and the hct that this metric system is 
adopted and in general use I7 the majorily of dvilijRed wMfyMt^-^Th^Ifatum. 



The ToTing Mechanic. 

mnitcated» IJ^o. Cloth. |1.75, 

THE YOUNG MECHANIC. Containing directions for the use 
of all kinds of tools, and for the construction of steam engines 
and mechanical, models, including the Art of Turning in. Wood 
and Metal. By Ihe author of "The Lathe, and. its. Uses," etc 
From the English edition, with corrections. 
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Harrison's Meclianic's Tool-Book. 

V^ma. Cloth. $1.50. 

MECHANIC'S TOOL BOOK, with practical rules and suggestions, 
for the use of Machinists, Iron Workers, and others. By W. B. 
Hakrisoit, Associate Editor of the " American Artisan.'' Illustra- 
ted with 44 engravings. 

'* This work is speciallj adapted to meet the wants of Maahiniatg and work- 
ers in iron g^araUy. It is made up of the work-day experience of an intelli- 
gent and ingenious mechanio, who had the &culty of adapting tools to yarious 
purposes. The practicability of hia plans and suggestions are made apparent 
even to the unpractised eye by a series of well-executed wood engravings." — 
Philadelphia Inquirer. 

Pope's Modern Practice of the Elec- 
tric Telegraph. 

Seventh edition. 8vo. Cloth (2.00. 

A Hand-book for Electricians and Operators. By Fbank L. Popb. 
Seventh edition. Bevised and enlax^ed, and fully illustrated. 

Extract from Letter of Prof Moree. 

'* I have had time cmly cursorily to examine its contents, but tius examina- 
tion has resulted in great gratification, especially at the &imess and unpre- 
judioed tone of your whole work. 

*' Your illustrated diagrams are admirable and beautifully executed. 

" I think all your instructions in the use of the telegraph apparatus judi- 
cious and correct, and I most cordially wish you success.** 

Extract from Letter of Prof Q, W, Hough, of the DtuUey Obaervatery, 

** There is no other work of this kind in the English language that con- 
tains in so small a compass so much practical information in the application 
of galvanic electricity to telegraphy. It should be in the hands of every one 
interested in telegraphy, or the use of Batteries for other purposes." 



Morse's Telegraphic Apparatus. 

Illustrated. 8vo. Cloth. |9.00. 

EXAMINATION OF THE TELEGRAPHIC APPARATUS 
AND THE PROCESSES IN TELEGAPHY. By Samttel P. 
B. MoBSE, LL.D.| United States Commissioner Pans Universal 
Exposition, 1867. 
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Sabine's History of the Telegraph. 

12mo. Oloth. $1.25. 

mSTOEY AND PBOGRBSS OF THE ELECTEIO TELE- 
GBAFH, with Descriptions of som^ of the Apparatus. By 
BoBEBT S^BHTB, G. E. Socoiid editi(Hi, with culditions. 

Contents. — ^I. Early Observations of Electrical Phenomena. II. Tele- 
graphs by Erictional Electricity, m. Telegraphs by Voltaic Electricity. 
IV. Telegraphs by Electro-Magnetism and Magneto-Electricity. V. Tele- 
graphs now in nse. YI. OTcrhead Lines. YII. Submarine Telegraph Lines. 
Yin. Underground Telegraphs. IX. Atmospheric Eleetridtj. 



Shaffner's Telegraph Mamial. 

8to. Oloth. $6.50. 
A COMPLETE HISTOBY AND DESCBIPTION OF THE 
SEMAPHOBIO, ELECTBIC, AND MAGNETIC TELE- 
GBAPH8 OF EUBOPE, ASIA, AFBICA, AND AMEBICA, 
with 625 illustrations. By Tal. P. Shafpnsb, of Kentucky. 
New edition. 

Culley's Hand-Book of Telegraphy. 

8vo. Oloth. $5.00. 

A HAND-BOOK OF PBACTICAL TELEGBAPHY. By B. S. 

Ctjllet, Engineer to the Electric and International Telegraph 
Company. Fourth edition, revised and enlarged. 



Foster's Submarine Blasting. . 

4to. Oloth. $3.50. 

SUBMABINE BLASTING in Boston Harbor, Massachusetts — 
Bemoval of Tower and Corwin Bocks. By Johk G. Fostsb, 
lieutenant-Colonel of Engineers, and Brevet Major-Gteneral, TJ. 
8. Army. Illustrated wiUi seven plates. 

List of Platbs. — ^1. Sketch of the Karrows, Boston Harbor. 3. 
Townsend's Submarine Drilling Machine, and Working Vessel attending. 
8. Submarine Drilling Machine employed. 4. Details of DriUing Machine 
employed. 5. Oartridges and Tamping used. 6. Fuses and Insulated Wires 
used. 7. Portable Friction Battery used. 
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Barnes' Submarine War&Lrei. 

SUBMABINB WAKPARE, DEFENSIVE ANI> OFFENSIVE. 
Comprising a full and. oompletOv History of the Invei^ldou of the 
Torpedo, its employment in War and results of its use. De- 
scriptions of the Tarious forms of Torpedoes^ Submarine Batteries 
and i?orpedo Boats actiiaUy used in War. Methods of Ignition 
by Machinery, Cqntact Fuzes, and Electriqity, and a full account 
of experiments miEMl^ to d0terQiine the £!jcglQ«iye Fproe of Gun- 
powder under Water. Also a discussioii of the Offensive Torpedo 
system, its effeoiiupon^IrPQTClad Ship systems, aud influence upon 
Future Naval W&rs. By Lieut. -Commander Jx)hk S: Bakites, 
U. S. N. With twenty lithographic plates and many wood-cuts. 

'* A book importaiit to n^litary med[, and espepially «o to engineers i^id ar- 
tilleriata. Ijt consists of a^ examins^tiion of tl^e various offensive and defensive 
engpines that have been contrived for submarine hostilities^ including' a discus- 
sion of the torpedo system, its effects upon ivimwdad ship^ystems^ and its 
probable influence upon future naval wars. Plates of a valnc^ble ciharacter 
accompany the treatise, which affords a useful history of the momentous sub- 
jeqt;.it.4i8CUS9es, Af ^peat dof^ of Tiaeful. infQrin^tiQP ic^ colleete4 in its pages, 
especially concerning the inventions of Scholl and Vekdu, and of Jones' 
and HnNT*s batteries, as well as of other similar machines, and the use in 
salmiarine open^tiQiis of g^nrootjfcoi^ and nitro7glyqer>i|C(.'^^jyw JT. TiffM^^ 



Randall's Quartz Operators Hand- 

Book. 

12mo< ClotlL $2XK)i 

QUABrTZ OPBB^lTOB'S HAMD-BOOK. By P. M. ?Ujii>ali. 
New edition, revised and onlai^ed- Fully iUiigtrated^ 

The object of this work hits been to present sv.cl^ar and comprehensive ex- 
position of mineral veins, and the meaiis and mpdoi^ chiefly eimployed for the 
mining and working of tl^eir or^s — ^more especially those containing gold and 
silver. 
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Mitdhell's Manual of Assaying. 

A MANUAL OF PRACTICAL ASS A YING. By Johk Mitchell. 
Third edition. Edited by Wjluax OBoaKBS, F.R.S. 

In this edition ave inooiponted «11 the lafe important diaooreries in Assaj- 
ing made m this oountry and abroad, and apeeial caira is devk>ted to the very 
importaAt Volumetric and Oolorimetric Araays, as well as ^ the BlowFipe 
Assays. 



Benet's Chronoscope. 

Seeo/n^ JEdiHan. 

ninstrated. 4to. Cloth. $3.00. 

« 

ELECTRO-BALLISTIC MACHINES, and the Schultz Chrono- 
scope. By Lieutenant-Colonel S. V. Benet, Captain of Ordnance, 
U. S. Army. 

CoKTENTS. — ^1. Balllstio l^endulnm. 2. Gun Pendulum. 8. Use of Elec- 
tricity. 4. Navez' Machine. 6. Yignotti's Machine, with Plates. 6. Benton*s 
Electro-BalUstio Pendulum, with Plates. 7. Leur's Tro-Pendulum Machine 
8. Schultz's Chronoscope, with two Plates. 



Miohaelis' ChronograplL 

4to. Illustrated. Cloth. $3.00. 

THE LE BOULENGlfe CHRONOGRAPH. With three litho- 
graphed folding plates of illustrations. By Brevet Captain E. 
MiCHAEus, First Lieutenant Ordnance Corps, U. S^ Army. 

** The excellent monograph of Captdin MichaellB enters minutely into the 
details of construction and management, and gives tables of the times of flight 
calculated upon a given fall of the chronometer for all distances. Captain 
MichaeUs has done good service in prteenting ihia work to his brother officers, 
describing, as it does, an instrument which l^ds fair to be in constant use in 
our future baUistio experiments.' — Army <md Navy Journal, 
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Silversmitbi's Hand^Book. 

lUiistrated. Idmo. Cloth. $3.00. 

A PRACnOAL HAND-BOOK FOR MINERS, Metallurgists, 
and Assajers, comprising the mo^t recent improvements in the 
disintegration, amalgamation, smelting, and parting of the 
Precious Ores, with a Ck)mprehensive Digest of the Mining 
Laws. Qreatlj augmented, revised, and corrected. Bj JuLiirs 
SiLVSBSMiTH. Fourth edition. Profusely illustrated. 1 vol. 
12mo. Cloth. $3.00. 

One of the most important features of this work is that in which the 
metallargy of the precious metals is treated ol In it the author has endear- 
ored to embody all the processes for the reduction and manipulation of the 
precious ores hereiofore successfully employed in Qermany, England, Mexico, 
and the United States, together with such as hare been more recently invented, 
and not yet fully tested — all of whioh are profusely illustrated and easy of 
comprehension. 



Simms^ Levelling, 

8vo. Cloth. $2.60. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 
LEVELLING, showing its application to purposes of Railway 
Engineering and the Construction of Roads, &c. By Fkederick 
"W. SiMMS, C. E. Prom the fifth London edition, revised and 
corrected, with the addition of Mr. Law's Practical Examples for 
Setting Out Railway Curves. Illustrated with three lithographic 
plates and numerous wood-cuts. 

** One of the most important text-books for the general surveyor, and there 
is scarcely a question connected with leyelling for which a solution would be 
sought, but that would be satisfactorily answered by consulting this yolume." 
— Mining JourndL 

** The text-book on levelling in most of our engineering schools and ool- 
Uges/*— Engineers, 

*'The publishers have rendered a substantial service to the profession, 
especially to the younger members, by bringing out the present edition of 
Mr. Simms' useful work." — Engineering, 
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Eads' Naval Defences. 

4to. aoth. $5.00. 

SYSTEM OP NAVAL DEFENCES. By James B. Eads, 0. E. 
Beport to the Hoaorable Gideon Welles, Secretary of ibe Nayy, 
Eebraaiy 22, 1868, with ten illustrations. 



. Stuart's Naval Dry Docks. 

Twenty-four engrayings on steel. 

Fourth MdiUoiu 

4to. Olodi. 16.00. 

THE NAVAL DRY DOCKS OP THE UNITED STATES. 
By Chables B. Stuabt, Engineer in Chief of the United States 
Navy. 

Xdst. of lUustrcUiona. 

Pumping Engine and Pumps — ^Plan of Biy Bock and Pump-Well— Sec- 
tions of Drj Bock — ^Engine House— Iron Floating Gkite — ^Details of Floating 
Gate— Iron Turning Gate— Plan of Turning Gate— Culvert Gate— Filling 
Culvert Gates — Engine Bed — Plate, Pumps, and Culvert — ^Engine House 
Roof— Floating Sectional Bock— Details of Section, and Plan of Tum-Tables 
— ^Plan of Basin and Maxine Kailways — ^Plan of Sliding Frame, and Elevation 
of Pumps — Hydraulic Cylinder — ^Plan of Gearing for Pumps and End Floats 
— ^Perspective View of Bock, Basin, and Railway — ^Plan of Basin of Ports- 
mouth Bry Bock — ^Floating Balance Bock — ^Elevation of Trusses and the Ma- 
chinery—Perspective View of Balance Bry Bock 



Free Hand Drawing. 

Profusely Illustrated. 18mo. Cloth. 75 cents. 

A GUIDE TO ORNAMENTAL, Pigure, and Landscape Draw- 
ing. By an Art Student. 

Contents. — ^ICaterials employed in Drawing, and how to use them — On 
Lines and how to Draw them — On Shading — Concerning lines and shading, 
with applications of them to simple elementary suhjeets— Sketches from Na- 
ture. 
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Minifie's Meohanical Drawing. 

Eighth Edition. 

Boyal Syo. Cloth. $400. 

A TEXT-BOOK OF GEOMETEICAL DRAWING for the use 
of Mechanics and Schools, in which the Definitions and Bales of 
Geometry are familiarly explained ; the Practical Problems are 
arranged, from the most simple to the more complex, and in their 
description technicalities are avoided as much as possible. With 
illustratioiifl ^r Drawing Plans, Seetions, and Elerations of 
Buildings and Mcbchineiy ; an Introduction to Isometrical Draw- 
ing, and an Essay on Linear Perspective and Shadows. Illus- 
trated with over 200 diagrams engraved on steel. By Wm. 
MiNiFiE, Architect. Eighth Edition. With an Appendix on the 
TheoQT and Application of Colors. 

" It is the best work on Drawing that we have ever sem, and is especially a 
text-book of Geometrioal Drawing for the use of Mechanics and Schools. No 
young Mechanic, such as a Machinist, Engineer, Oabinet-Maker, Millwright, 
or Carpenter, should be without it.'' — Scientific American, 

<« One of the most oomprehensit^ works ef the kind ever pnUidied, acsdKcan- 
not but po«8efl» groat Talue to builders. The 'styie is «t «iioe elegatiit and sub- 
stantiaL'— P«?»»i^l«WiAi Inquirer. 

** Whatev^ is said is rendered, perfectly intelligible by remarkably w^l- 
executed diagrams on steel, leaving nol^iing lor mere vague supposition ; and 
the addition of an introductiota to isometrical drawing, linear penqpeotive, and 
the projection of shadows, winding up with a useful index to technical terms.'' 
-^Glasgow Meehanies* Journal. 

' fS^ The British Gk^veniment has authorized the use of this- book in their 
schools of art at Somerset House, London, and throughout the kingdom. 



Minifie's Geometrical Drawing. 

yew Edition. Enlarged. 

12mo. Gk>th. $2.00. 

GBOMETBIGAL DBAWING. Abridged from the octavo edition, 
for the use of Schools. Illustrated with 48 steel plates. New 
edition, enlarged. 

'*' It i 4 well adapted a» aitezt-book of dmwisig to be used in our High Soliools 
and Academies where this useful branch of the fine arts has been hitherto too 
much neglected." — Botton JaumaL 
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Bell on Iron Smelting. 

8yo. Cloth. $6.00. 

CHEMICAL PHENOMENA OF IRON SMELTING. An ex- 
perimental and practical examination of the circumstances wliich 
determine the capacity of the Blast Fumace, the Temperature 
of the Air, and the Proper Condition of the Materials to be 
operated upon. By L Lowthiak BelIn 

" The reactions which take place in every foot of the blast-fumaoe hare 
been investigated, and the nature of every st^p in the process, from the intro- 
duction of the raw material into the furnace to the production of the pig iron, 
has been carefully ascertained, and recorded so fuUy that any one in the trade 
can readily avail themselves of the knowledge acquired ; and we have no hes- 
itation in saying that the judicious application of such knowledge will do 
much to facilitate the introduction of arrangements which will still further 
economize fuel, and at the same time permit of the quality of the resulting 
metal being maintained, if not improved. The volume is one which no prac- 
tical pig iron manufacturer can afford to be without if he be desirous of en- 
tering upon that competition which nowadays is essential to progress, and 
in issuing such a work Mr. Bell has entitled himself to the best thanks of 
every member of the trade." — London Mining JoumaL 



Zing's Notes on Steam. 

Thirteenth Edition. 

8vo. Caoth. $2.00. 

LESSONS AND PRACTICAL NOTES ON STEAM, the Steam. 
Engine, PropctUers, &c., &c., for Young Engineers, Students, and 
others. By the late W. R. Kung, U. S. N. Revised by Chief- 
Engineer J. W. King, U. S. Navy. 

" This is one of the best, beoause eminently plain and praotioal treatises on 
the Steam Engine ever published. ' — Philadelphia Press. 

This is the thirteenth edition of a valuable work of the late W. H. King, 
TJ. S. N. It oontains lessons and practical notes on Steam and the Steam En- 
gine, Propellers, etc. It is calculated to be of great use to young marine en- 
gineers, students, and others. The text is illustrated and explained by nu- 
merous diagrams and representations of msudhineTy,— Boston Daily Adver^ 
User. 

Text-book at the U. S. N&val Academy, Annapolis. 
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Burgh's Modem Marine Engineering. 

OnQ thick 4tQ Tpl, COotlu $25.00. Balfmoroooo. tSO.Oa 

MODEEN MARINE ENGINEEBING, appUed to Piuidle and 

Screw Propulsioa. Consisting of 36 Colored Plates^ 259 Practical 
Wood^cut Illustrations, and 403 pages of Desoriptiyo Matter, the 
whole being an exposition of the present practice of the follow- 
ing firms : Messrs. J. Penn & Sons ; Messrs. Maudslay, Sons & 
Pield ; Messrs. James Watt & Ck>. ; Messrs, J. & Q. Bennie ; 
Messrs. B. Napier & Sons ; Messrs. J. ^ W. Dudgeon ; Messrs. 
Bavenbill & Hodgson ; Messrs. Humphreys & Tenant ; Mr. 
J. T. Spencer, and Messrs. Forrester & Co. By N. P. Bvbish, 
Engineer, 

PmHCiPAi4 Oonrwx^n, — (General Amngcments of Eng^ines, 11 examples 
— General Arrangement oi Boilers, 14 examples — General Arrangement of 
Snperkeaters, 11 examples — ^Details of 'Oscillating Paddle Engpiaes, 84 ex- 
amples— Condensers for Screw Engines, both Injection and Surfeiee, 20 ex- 
amples — ^Details of Screw Engines, 20 examples — OyJlmders and I>etails of 
Screw Engines, 21 examples — Slide Valves and Details, 7 examples — Slide 
Valve, Link Motion, 7 examples — Expansion Valves and Gear, 10 exam- 
ples — ^Details in General, 80 examples— Screw Propeller and Fittings, 13 ex- 
amples Engine and Boiler Fittings, 28 examples - In relatum to the Princi- 
ples of the Marine Engine and Beiler, 33 examples. 

Notices of the Press, 

** Every conceivable detail of the Marine Engine^ under all its varions 
forms, is profusely, and we must add, admirably illustrated by a. multitude 
of engravings, selected froni the best and' most modem practice of the first 
Marine Engineers of the day. The chapter on Condensers is peculiarly valu- 
able. In one word, there is no other work in existtnce which will bear a 
moment's comparison with it as an exponent of the skill, talent and practical 
experience to which is duo tha i^lQtadid reputation enjciyed by many Bntish 
Marine Engineers."— -^n^no^, 

** Tlus very eomprehensive work, which was issued in Mauthly parts, has 
just been completed. It contains large and fuU drawings aod copious de- 
scriptions of most of the best examples of Modem Marino Engines, and it is 
a complete theoretical and praoticsl trsatise on the subject of Maarine Slngi- 
neeriag."-^ JLmmcan Ariimik^ 

This is the only edition of tho above work with the beautihUly ea^Mwd 
plates, and it is out of print in England. 
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Bourne's Treatise o^ tbe Steam En- 
gine. 

mnth EdHlinu 

UlustratecL 4tQ. Cfto^ (15.00. 
TEEATISE ON THE STEAM ENGINE in its various applica- 
tions to Mines^ Mills, Steam Navigation, Bailways, and Agricul- 
ture, with the theoretical investigations respecting the Motive 
Power of Heat and the proper Proportions of Steam Engines. 
Elaborate Tables of the right dimensions of every par^ and 
Practical Instructions for the Manufacture and Manc^ement of 
every species of Engine in actual use. Bj Johv Bousne, being 
the ninth edition of '^ A Treatise on the Steam Engine," by 
the '' Artisan Club." Illustrated by thirty-eight plates and five 
hundred and forty-six woodnsuts. 

As Mr. Boiime's work has the great merit of avoiding unsound and imma- 
ture views, it may safely be consulted by all who 4re really desirous of ac- 
quiring trustworthy Information on the- subject of which it treats. During 
the twenty-two years- which have elapsed from the issue of the first edition, 
the improvements introduced in the construction of the steam engine have 
been both numerous and important, and of these Mr. Bourne, has taken care 
to point out the more prominent, and to furnish the reader with sudh infor- 
mation as shall exiable him readily to judg^ of their relatiye value. This edi- 
tion has been thoroughly modernized, and made to accord with the opinions 
and practice of the more successful engineers of the present day. All that 
the book profsswa to give is given with ability and evident cave. The scien- 
tific principles which are permanent are admirably explained, and reference 
is made to many of the more valuable of the recently introduced engines. To 
express an opinion of the value and utility of such a work as Tlie Artisan 
Olub^s Treatise on tlt4 Steam Engine, which has passed through eight editions 
already, would be superfluous ; but it may be safely stated that the work 1» 
worthy the attentive study of all either engaged ^i the manu&<:ture of steam 
eng^es or interested in economizing the use of steam. — Mining Journal, 



Isherwood's Engineering Precedents. 

Two Vok. in One. 8vo. Cloth. $&.50. 

ENGINEEEING PEECEDENTS FOR STEAM MACHESTBRT. 
Arranged in the most practical cii^d useful manner for Engineers. 
By B. F. IsHBEwooD, Civil Engineer, U. S. Navy. With illus- • 
trations. 



Digitized by VjOOQ IC 



f 



] 



Ward's Steam for the Million. 

New and Revised Edition. 

8va Cloth. $1.00. 

STEAM FOB THE MILLION. A Popular Treatifle on Steam 
and its Application to the Useful Arts, especially to Nayiga- 
tion. By J. H. Wabd, Commander TJ. S. Navy. .New and re- 
vised edition. 

A moot exoellent work for the young engineer and general reader. Kany 
facts relating to the management of the boiler and engine are set forth with a 
simplicity of language and perfection of detail that bring the subject home 
to the reader.— ^m«r»ca» Engineer. 



Walker's Screw Propulsion. 

8to. Cloth. 75 oents. 

j j NOTES ON SCEEW PROPULSION, its Eise and History. By 
Oapt W. H. Walwbb, U. S. Navy. 

Commander Walker's book contains an immense amount of oonoise practi- 
cal data, and every item of information recorded fully proves that the various 
points bearing upon id have been well coztsidered previously to expressing an 
opinion. — London Mining Journal. 



Page's Earth's Crust. 

18mo. Cloth. 75 cents. 

THE EARTH'S CEUST : a Handy Outline of Geology. By 
David Page. 

" Such a work as this was much wanted — a work giving in clear and Intel* 
ligible outline the leading facts of the science, without amplification or irk- 
some details. It is admirable in arrangement, and clear and easy, and, at the 
same time, forcible in style. It will lead, we hope, to the iuttoduction of 
Geology into many schools that have neither time nor room for the studj of 
large tieatises.''^27U Mnueum. 
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Rogers' Gteology of Pennsylvania.- 

8 Vols. 4to, wiUi Portfolio of Maps. Cloth. tdO.Oa 

THE GEOLOGY OF PENNSYLVANIA. A Government Sup- 
vey. With a general view of the Gieology of the United States, 
Essajfl on the Coal Formation and its Fossils, and a description 
of the Coal Fields of North America and Great Britain. By 
HsKRT Dabwik Eogsbs, Late State Geologist of Pennsylvania. 
Splendidly illustrated with Plates and, Engravings in the Text. 

It oertainly should he in every pahlic lihrary voroughout the ooantry, and j 

likewise in the possession of all students of Geology. After thei final sale of ' 

these copies, the work will, of course, become more -valuable. j 

The work for the last five years has been entirely out of the market, but a '■ 

few copies that remained in the hands of Prof. Rogers, in Scotland, at the i 

time of his death, are now offered to the public, at a price which is even j 

below what it was originally sold for when first published. i 



Morfit on Pure Fertilizers. 

With 28 niustratiye Plates. 8to. Cloth. $20.00. 

A PRACTICAL TREATISE ON PURE FBRTILIZBRS, and 
the Chemical^Conversion of Rock Guanos, Marlstones, Coprolites, 
and the Crude Phosphates of Lime and Alumina Generally, into 
various Valuable Products. By Caxfbbll Moilfit^ ULD.y F.C.S. 



Sweet's Report on Coal. 

8yo. Cloth. $3.00. 

SPECIAL REPORT ON COAL ; showing its Distribution, Oassi- 
fication, and Cost delivered over different routes to various points 
in the State of New York, and the prindpal cities on the Atlantic 
Coast By S. H. Swbbt. With maps. 



Colbum's Gkis Works of London. 

l2kuo. Boards. 60 oents. 
GAS WORKS OF LONDON. By Zxeak Colbum. 
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The tTseful Metals and their Alloys ; 
^ Sooflfren^ Truran, and others. 

11 m/th Edition. 

8m Halfoalf. $3.75. 
THE USEFUL METALS AND THEIR ALLOTS, including 
MINING VENTILATION, MINING JUMSPRUDENCE 
AND METALLURGIC CHEMISTRY emplojed in the oonrer- 
sion of IRON, COPPER, TIN, ZINC, ANTIMONY, AND 
LEAD ORES, with their applications to THE INDUSTRIAL 
ARTS. By John Scofkken, William Trtteait, Whjjam Clit, 
RoBEBT Oxland, William Fahibaibn, W. 0. AiTKiii, and Wil- 
liaH Yosb Picxstt. 



Collins' Usefiil Alloys. 

18mo. Flexible. 75 cents. 

THE PRIVATE BOOK OF USEFUL ALLOYS tod Memo- 
randa for Goldsmiths, Jewellers, etc. By James E. Coujiys 

TM» Utile hook U compiled from notee moide hy tlie Anthor from the 
papers of one of the largest aad most emltfteiit Maaa^tiiriiig Goldsmiths and 
Jewellers in this conntiy, and as the firm is now no longer in existence, and the 
Author is at present engaged in some other undertaking, he now oBtem to the 
public the benefit of his experience, and in so doing he begs to state that all 
the alloys, etc., giyen in these psges may be confidently relied on as being 
thoroughly practicable. 

The Memoranda and Beoeipts throughout this book vto also compiled 
from i«aotice, and will no doubt be found useful to the practical jeweller. 
-^Shirley, July, 1871. 



Joynson's Metals Used in Construction. 

12mo. Cloth. 75 cents. 

THE METALS USED IN CONSTEUCTION: Iron, Steel, 
I Bessemer Metal, etc., etc. By Fbancis Hekbbrt JoTNsoir. Il- 

lustrated. 

^ In the interests of practical science, we are bound to notice this work ; 
and to those who wish further information, we should say, buy it ; and the 
outlay, we honestiy beUoTe^ will be considered well speaU*^ ^ Bdenti^ 
Bmew. 
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HoUey's Ordnanoe and Armor. ; 

493 Engravings. Hnil Bdaa, $iat)0. Half RomU^ $12.00. 

A TREATISE ON ORDNANCE AND ABMOIt-.Embradng 
Descriptions^ DiflousttoaS) aad Pfofessuiiial 0|>iiiioiiA concerning 
the Matbuaei, ^kMvLCKtian^ BequiremeiitSy Capabilities, and En- 
dttsan^ of Btttopean and Amerixsan Ghuu* ibr Naval, Sea Coast, . 
and Ironclad War&iie, and their RtFLilio» Pbojisotiles, and 
Breech-Loadwo ; alsOj Bosults of Experimental against Armor, 
fix>nL Official Records, with an Appendix referring to Gun-Ootton, 
Hooped Guns, etc, etc. By Alsxander L. Hollst, B. P. 948 
pages^ 493 EagravingSi and 147 Tables of Results, etc. 

CoNTfiKTB. 

CSAPrBK L-~Stiaidird Otina and \Mx Fabri(ttitioi& DMeribsd: Sdction 1. 
HMped GKms} 8«otioii 2^ Solid Wfeoai^t Itvm Gana; Seetioa d. Solid Steel 
G«lui; Seetioa i.Oaat^IftmGiBuia» CBA^Tsn IL--Tb<d Beqaireaieats of Gun% 
Armor:' Section 1. Tbe Worit to iM don^ ; Seetioa 2. Heavy Shot at Low Ye* 
looities; Section 9. Small Shot at High Velodties; Section 4. The two Sys- 
tems Combined; Section 5. Breaching Masonry. Chapter III. — ^The Strains 
and Stnictnteef Gnna: Sect&on 1. Beaiataaee to Elastio Pressure; Section 2. 
The Effects of Vibration; Section 8. The Effects of Heat. Ghaftbr IY.— 
Cannon ICetaJa and Processes of Fablieation : Seetioa L Slastioity and DuctiL 
ity; Section 2. Cast-iron; Section 3. Wrought Iron; Section 4 Steel; Sec* 
tion 5. Bronze; Sectioii 6. Othef Alloys. CnAPtfia Y. — Rifling and Projec- 
tiles; Standard Forms and Practice Described; Early Expnrinieats ; The 
Centring System ; The Compressing System ; The Expansion System ; Armor 
Punching ]^jec<i]ie8; Sheila lor Molten Metal; Competitiye Trial of Kifled ' 
Guas, 1802 ; Duty df Bifled anns: General Uses, Accnfaoy, Bangjo/Yelocity, 
Sttaia, liabiUty ol Projectile to Injury ; FlHng S|dierk)al Shot firom Bifled , 
Gans; Material for Armor^Punchiflg Projectiies; Shape of ArmoivPimching ] 
Projectiles; Capacity and Destroetiveness of Shells; Sloageited Shot from . 
Smooth Bores; Conclusions; Yelocity of Projectiles (Table'. Chapter YL— 
Breech-Loading Advantages and l>eject8 of the. System ; Bapid Firing and 
Cooling Guns by Machinery $ Standard Breech'»Loaders Described. Part Sec- 
ond: Experiments against Armor; Account of Experiments from QfKci&l 
Bocords in Chronological Order. Appendix. — ^Beport on the Application of 
Gun-Cotton to Warlike Purposes — British Assodatiou, 1863 ; Manufacture and \ 
Ex^erimente in England ; Guns Hooped with Initial Tension— History; HoW 
Goiii Burst) by Wiavd, Lyman's Accrierating Gun; Endnrance of Parrott 
and Whitworth Guns ai Charleston ; Hooping old United States Cast-iron 
Gkins ; Endurance and Accuracy of the Armstrong 600-poander; Competitive 
Trials with 7-inch Guns. 
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Feirce^s Analytic Mechanics. 

4to. Clo4h. IIOJOO. 

SYSTEM OF ANALYTIC MECHANICS. Physical and Oeleetial 
Mechanics. By BsnjaminPsibcc, Perkins Professor of Astronomy 
and Maihematios in Honrard Uniyra-sity, and Consulting As- 
tronomer of the American Ephemeris and Nantioal Almanac. 
. Developed in four systems of Analytic Mechanics, Celestial 
. Mechanics, Potential Physics, and Analytic Morpholi^y. 

'* I liave M-examiDed the memoirs of the great geometers, and have striYen 
to coDBoIidate their latest reeearchee and their moat exalted forme of thought 
into a oonnetent and imiform treatise. If I ha^e hereby siiooeeded in open- 
ing to the students of my oonntry a readier aocese to these choice jewels of 
intellect ; if their brilliancy is not impaired in this attempt to reset them ; if, 
in their own oonstellatioa, they illnstrate each other, and eonoentEate 
a stronger light upon the names of their disooverers , and, still more, if any 
gem whieh I may hare preenmed to add is not whoUy lustreless in the oolleo- 
tion, I shall feel that my work has not been in -w^^^ —IHztraU ftom th$ iV«- 

Burt's Key to Solar Compass. 

Second JEdiUon. 

Pocket Book Form. Tuck. $2,501 

KEY TO THE SOLAB COMPASS, and Surveyor's Companion ; 
oomprising all the Bules necessary for use in the field; also^ 
Description of the Linear Surveys and Public Land System of 
the United States, Notes on the Barometer, Siiggesti<ms for an 
outfit for a Survey of four months, etc, etc., etc. By W. A. 
BvBiy XJ. S. Deputy Surveyor. Second edition. 



Chatiyexiet's Lunax Distances. 

8tow Cloth. $2jOO. 

NEW METHOD OP CORRECTING LUNAR DISTANCES, 
and Improved Method of Finding the Error and Bate of a Chro- 
nometer, by equal altitudes. By Wm. CHAirrxvR, LKD., Chan- 
cellor of Washington University of St Louis. 
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Jeflfers' Nautical Siirveying. 

lUustrated with 9 Copperplates aad 31 Wood-cut IlliistrationB. 8to. 
Cloth. $5.00. 

NAUTICAL SURVEYING. By William N. Jjotbbs, Captain 
U.S. Navy. 

ICany books hare been written on each of the Bubjeote treated of in the 
sixteen chafters of this work; and, to obtain a complete knowledge of 
geodetic suryejing requires a profound study of the whole range of mathe- 
matical and physical sciences; but a jear of preparation should render any 
intelligent offtoer competent to conduet a nautical survey. 

Contents.— Chapter I. Formulae and Constants Useful in Surveying 
IL Instinctive CSiaracter of Surveys. IIL Hydrographic Surveying un^er 
Sail ; or, Running Survey. IV. Hydrographic Surveying of Boats ; or, Har- 
bor Survey. V. Tide»— Definition of Tidal Phenomena— Tidal Observations, 
yi. Measurement of Bases — ^Appropriate and Direct VII. Measurement of 
the Angles of Triangles — ^Azimutiis — ^Astronomical Bearings. YHI. Correc- 
tions to be Applied to the Observed Angles. IX. Levelling — ^Difference of 
Level. X Computation of the Sides of the Triangulation— The Three-point 
Problem. XI. Determination of the Geodetic Latitudes, Longitudes, and 
Azimuths, of Points of a Triangpzlation. XH. Summary of Subjects treated 
of in preoeiding Chapters — ^Examples of Computation by various Formulae. 
XIIL Projection of Charts and Flans. XIV. Astronomical Determination of 
Latitude and Longitude. XY. Magnetic Obeervations. XVI. Deep Sea 
Soundings. XVIL Tables for Ascertaining Distances at Soa» and a full 
Index. 

' lAst of Plates. 

Plate L Diaigram Illustrative of the Triangnlatlon. IL Specimen Page 
of Field Book. HL Running' Survey of a Coast. lY. Example of a Running 
Survey from Belcher. V. Flying Survey of an Island. YL Survey of a 
ShoaL YIL Boat Survey of a River. YIIL Three*Point Pkoblem. IX. 
Triangulation. 

Coflan's NavigatioiL 

Fifth Edition. 

12mo. Cloth. $3.50. 

NAVIGATION AND NAUTICAL ASTRONOMY. Prepared 
for the use of tlie U. S. Naval Academy. By J. H. G. Coffih, 
Prof, of Astronomy, Navigation and Surveying, with 52 wood- 
cut illustrations. 
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Clark's Theoretical Navigation. 

8to. Cloth> 98.oa 

THfiOEETIOAli NAVIGATION AND NAUTICAL ASTRON- 
OMY. By Lewis Ola&k, Lieui-Commander, U. S. Natjr. II- 
liutrated witk 41 Wood*H)utB, including the Yernitfr. 

Fk«p»ed for Um at tU U. a KftTal Aoadomy. 



The Plane Table* 

lUutnted. 8vo« ClotK $9.00. 

ITS USES IN TOPOGRAPHICAL SUEVEYING. From the 
Papers of the U. 8. Coast Survey* 

Thig irork giref a desdriptum of the Plane Tabk eaployed at the U* 9. 
Coaet Survey Ofiee, and the auuiner of usiiig it 



Pook on Shipbuilding. 

Syo. Cloth. $5<00. 

METHOD OF COMPABINO THE LINES AND DRAUGHT- 
ING YESSELS PROPELLED BY BAIL OR STEAM, in- 
cluding a Chapter on Laying off on the Mould-Loft Floor. By 
Sa^icuel M. Pook, Naval Constructor. 1 vol., 8vo. With illus- 
trations. Cloth. $5.00. 



Brunnow's Spherical Astronomy. 

8vo. Cloth. $6.56. ^ 

SPHERICAL ASTRONOMY. By F. BaimKow, Ph. Dr. Trans- 
lated by the Author from the Second German edition. 
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Van Buren's Formulas. 

8Ta Clodi. |d.OO. 

INVESTIGATIONS OP FOEMULAS> for the Strength of the 
Iron Parts of Steam Maehinerj. Bj J. D. Ya^v Bt^BSN, Jr.| 0. E. 

Illustrated. 

This is an analytioal disonssioii of the formolflB employed bj" meehanioal 
engineers in determining the rupturing or crippling pressure in the different 
parts of a machine. The formuln are founded upon the principle, that the 
different parts of a machine should be equally strong, and are developed in 
reference to the ultimate strength of tiie material in order to leave the choioa 
of a factor of safety to the judgment of the designer.— i8i27ff7Uin'« Journal. 



Joynson on Machine Gtearing. 

Syo. Cloth. $2.00. 

THE MECHANIC'S AND STUDENT'S GUIDE in the Design- 
ing and Construction of General Machine Gearing, as Eccentrics, 
So^ws, Toothed Wheels, etc., and the Drawing of Eectilineal 
and Curved Surfaces ; with Practical Eules and Details. Edited 
hj Fbakcis Hsbbebt Jothson. Illustrated with 18 folded 
plates. 

** The aim of this work is to be a guide to mechanics in the designing and 
oonstruotion of general machine-gearing. This design it well fulfils, being 
plainly and sen8ibl)r written^ and profusely illustrated." — Sunday Tme$, 



Bamard^s Beport, Paris Exposition, 

1867. 

Illustrated. 8to. Cloth. |5.0O. 

EEPORT ON MACHINERY AND PROCESSES ON TftB 
INDUSTRIAL ARTS AND APPARATUS OP THE EXACT 
SCIENCES. By F. A, P. Bamtabd, LL.D.— Paris Universal 
Exposition, 1867. 

** We have in this volume t^e results of Dr. Barnard's study of the Baris 
Exposition of 1867, in the form of an official Report of the Goremment. It 
is the most ezhaustiye treatise upon modem inventions that has applsared 
since the Universal Exhibition of 1851, and we doubt if anything equal to it 
has appeared this oentnry.*'—J<mmaJ ^j)p{»e(f Chemiatry, 
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Engineering Facts and Figures. 

ISma CielCku $2^ per Toliune. 

AN ANNUAL REGISTER OP PROGRESS IN MECHANI- 
CAL ENGINEERING AND CONSTRUCTION, for the Years 
1863-64^6&-66-67-68. PuUy illuatrated. 6 volumes. 

Each volume sold lepaialely. 



Beckwith's Pottery. 

8to. Paper. 00 cents. 

0BSEEVATI0N8 ON THE MATERIALS and Manufacture of 
Terra-Cotta, Stone-Ware, Fire-Brick, Porcelain and Encaustic 
Tiles, with Xtemarks on the Products exhibited at the London 
Liternational Exhibition, 1871. By Akthue Bbckwith, Civil 

Engineer. 

« Eyerything is noticed in this book which comes under the head of Pot- 
tery, from fine porcelain to ordinary brick, and aside from the interest which 
all take in such manufactures, the work will be of considerable value to 
followers of the ceramic art" — Evening Mail. 



Dodd's Dictionary of Manufactures, etc. 

12mo. Ckith. $2.00. 

DICTIONARY OF MANUFACTURES, MINING, MACHIN- 
ERY, AND THE INDUSTRIAL ARTS. By Gboeob Dsdd. 

This work, a small book on a great subject, treats, in alphabetical ar- 
rangement, of those numerous matters which come generally within the range 
of manufactures and the productiye arts. The raw materials — animal, vege- 
table, and mineral — ^whence the manufactured products are derived, are suo- 
cinctiy noticed in connection with the processes which they undergo, but not 
as subjects of natural history. The operations of the Mine and the Mill, the 
Foundry and the Forge, the Factory and the Workshop, are passed under re- 
view. The principal machines and engines, tools and apparatus, concerned in 
manufiEusturing processes, are briefly described. The scale on which our chief 
branches of national industry are conducted, in regard to values and quantities, 
is indicated in various waya 
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Stuart's Civil and Military Engineer- 
ing of America. 

8vo. lUustrsted. dolOi. $5.00. 

THE CIVIL AND MILITARY ENGINEERS OF AMERICA. 
By General C&akles B. Stuabt, Author of " Navfd Dry Docks 
of the United States,'' etc., etc. Embellished with nine finely 
executed portraits on steel of eminent engineers, and illustrated 
by engravings of some of the most important and original works 
constructed in America. 

Containing sketclies of the Life and Works of ^ajor Andrew Ellicott, 
James Oeddes (with Portrait', Benjamin Wright (with Portrait), Cany ass 
White (with Portrait), David Stanhope Bates, Nathan S. Roberts, *Gridley 
Bryant (with Portrait), General Joseph G. Swift, Jesse L. Williams (with 
Portrait), Colonel William McRee, Samuel H. Kneass, Captain John Childe 
with Portrait \ Frederick Harbach, Major David Bates Douglas (with Por- 
trait), Jonathan Knight, Benjamin H. Latrobe (with Portrait), Colonel Char- 
les Ellet, Jr. ^with Portrait), Samuel Porrer, William Stuart Watson, John 
A. Koebling. 



Alexander's Dictionary of Weights 
and Measures. 

8vo. Cloth, $3.50. 

UNIVERSAL DICTIONARY OF WEIGHTS AND MEAS- 
TIRES, Ancient and Modern, reduced to the standards, of the 
United States of America. By J. H. Albxandkr. New edition. 
1 vol. 
" As a standard irork of reference, this book should be in evsrj- library- ; it 

is one which we have long wanted, and it will save much trouble and r^ 

wsti^^—SeienUfic American, 



Gouge on Ventilation. 

Third Edition Enlarged. 

8vo. Cloth. $2.00. 
NEW SYSTEM OF VENTILATION, which has been thoroughly 
tested under the patronage of many distinguished persons. By 
Henbt a. Gouge, with many illustrations. 
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Saeltzer's Aeoustios. 

12ino. Cloth. $2.00. 

TEEATISE ON ACOUSTICS in Connection with YentUation. 
With a new theory based on an important discoyeiy, of facilitat- 
ing clear and intelligible sound in any building. By Alexakseb 
Saeltzbe. 

<vA practical and very sound treatise on a subject ef great importanee to 
architects, and one to which there has hitherto been entirly too little attention 
paid. The author's theory is, that, by bestowing proper care upon the point 
of Acoustics, the requisite ventilation will be obtained, and vice versa. — 
Brooklyn Union. 



Myer's Manual of Signals, 

yew Editiofu Enlarged. 

12mo. 48 Plates full Boan. |5.00. 

MANUAL OF SIGNALS, for the Use of Signal Officers in the 
Field, and for Military and Naval Students, Military Schools, 
etc. A new edition, enlarged and illustrated. By Brig.-Gen. 
Albert J. Mteh, Chief Signal Officer of the Army, Colonel of 
the Signal Corps during the War of the Bebellion. 



Larrabee's Secret Letter and 
Telegraph Code. 

18mo. Cloth. fLOO. 

CIPHER AND SECRET LETTER AND TELEGRAPHIC 
CODE, with Hogg's Improvements. The most perfect secret 
Code ever invented or discovered. Impossible to read without 
the Key. Invaluable for Secret, Military, Nava}, and Diplo- 
matic Service, as well as for Brokers, Bankers, and Merchants. 
By C. S. Laebabee, the original inventor of ^e scheme. 
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Hunt's Designs for Central Park 
Gateways. 

4to. Cloth. $5.00. 

DESIGNS FOB THE GATEWAYS OF THE SOUTHERN 
ENTRANCES TO THE CENTRAL PARK. By R^chaud M. 
Hxnr T. With a description of the designs. 



Piokert and Metcairs Art of Graining. 

iToi. 4to. cioih. liaoo. 

THE ART OF GRAINING. How Acquired and How Produced, 
with description of colors and their application. By Chables 
PicxERT and Abraham Metcalf. Beautifully illustrated with 42 
tinted plates of the various woods used in interior finishing. 
Tinted paper. 

The authors present here the result of long experience in the practice of 
this deooratlye arty and feel confident that they hereby offer to their brother 
artisans a reliable guide to improyement in the practice of graining. 



Portrait Gtellery of the War. 

60 fine Portraits on steel. KoyalSyo. Cloth. $6.00. 

PORTRAIT GALLERY OF THE WAR, CIVIL, MILITARY 
AND NAVAL. A Biographical Record. Edited by FaAinc 

MOOBB. 



One Law in Nature. 

12ma Cloth. $1.50. 

ONE LAVT IN NATURE. By Capt. H. M. Lazbllb, TJ. S. A. 
A New Corpuscular Theory, comprehending Unity of Force, 
Identity of Matter, and its Multiple Atom Constitution, applied 
to the Physical Affections or Modes of Energy. 
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West Point Scrap Book. 

69 Engrayin^rs and Map. 8yo. Extra Cloth. $5.00. 

WEST POINT SCRAP BOOK Being a Collection of Lbobtos, 

Stories, Songs, etc., of the U. S. Military Academy. By lieut 0. 

E. Wood, TJ. S. A. Beautifully printed on tinted paper. 

** It is the work of seyeral different writers, whose names are withheld from 
the public, but whose contributions all bear a decided flavor of their origin, 
preserving the unity of a military education and experience. The volume 
abounds with personal anecdotes and humorous narratives, seasoned with 
copious specimens of the students' songs, and presenting a vivid, and doubtless 
a faithful, exhibition of the peculiar lights and shades of West Point life." — 
JV. r. Tribune. 

History of West Point. 

Second Edition. 

With 36 Blostrations and Maps. 8vo. Extra Cloth. $3.50. 

HISTORY OF WEST POINT. Its MiUtary Importance during 

the American Revolution, and the Oriigin and Progress of the U. 

S. Military Academy. By Bvt.-Major E. C. BoxiraoN. 416 

pages. Printed on tinted paper. 

" Aside from its value as an historical record, the volume under notice is an 
entertaining guide-book to the Military Academy and its surroundings. We 
have full details of Cadet life from the day of entrance to that of graduation, 
together with descriptions of the buildings, g^unds and monuments. To 
the multitude of those who have enjoyed at West Point the combined attrac- 
tions, this book will give, in its descriptive and illustrated portion, especial 
pleasure."— iVSw Fork Evening Pwft. 



West Point Life. 

Oblong 8vo. 21 full-page Illustrations. Cloth. $2.50. 

WEST POINT LIFE. A Poem read before the Dialectic Society 

of the United States Military Academy. Illustrated with Pen 

and Ink Sketches. By A Cadbt. To which is added the song 

"Benny Havens, Oh!" 

" Summer visitors at West Point will especially enjoy these illustrations ; 
and the poem itnelf may be regarded as a description of Cadet li^, as seen 
from the inside, by one who appreciates it.*' — N, Y, Journal of Commerce. 



Guide to West Point 

and the U. S. Military Academy, with Maps and Engravings. 
18mo. Blue Cloth. Flexible Covers. $1.00. 
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